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CHAPTER I 
INTRODUCTION 
Int roduc tion. 
In the past 15 years considerable attention has been given 
to complexes of sulphur-containing ligands. At first, this atten­
tion was focussed mainly on complexes with 1,2-dithiolato ligands, 
2-
R С S . These compounds formed electron-transfer series, in 
which the components were structurally similar but differed in 
the number of electrons. It was thought that the electrons in­
volved in the electron-transfer series were located mainly on the 
ligand in which oxidation from a dithiolato form to a dithioketone 
II ~ e •> 1 
II * 1 
- e , | 
R^S 
form takes place. Another interesting discovery was the occurrence 
of trigonal prismatic coordination in the complexes M(S С R ) 
(M = V, Mo, Re). 
Less information was available about the behaviour of com­
plexes with 1,1-dithioacids as dithiocarbamates until the inves­
tigations at the Laboratory of Inorganic Chemistry of this Univer­
sity pointed out that this ligand can stabilize high oxidation 
states of transition metals, e.g., Cu(III) and Ni(IV). This can 
be ascribed to the electron donating power of the nitrogen atom 
as indicated by the resonance structure III: 
R ^ ^ S R ^ ^ S R^^. ^ S 
^ ^ S - R ^ ^ S R ^ ^ S -
I I Ш 
The work performed on dithiocarbamato complexes in the 
Department of Chemistry of this University is embodied in nu-
merous articles and a number of theses (1-8). 
The investigations described in this thesis were started in 
January 1972. At that time the studies in dithiocarbamato chem-
istry were limited to the nickel, copper, and zinc groups. For 
an extension of the knowledge on the behaviour of the dtc' lig-
ands it was decided to start research on complexes of manganese, 
chromium, molybdenum, and tungsten, in which dithiocarbamato 
ligands and possibly halide ligands were coordinated to the metal 
ion. During these investigations, the most promising results were 
obtained for molybdenum and tungsten compounds; chromium and 
manganese gradually disappeared from our scope of interest. 
Survey of related studies. 
The early reported compounds of molybdenum and tungsten with 
dithiocarbamato ligands also contained other ligands, for instance, 
oxygen in MoO (Et dtc) (9), and carbon monoxide and the Cyclo-
pentadienyl anion in CpMo(CO)(Et dtc) (10). Prior to 1972, 
Mo (Me dtc) (11,12) and W(Et dtc) were reported; however, no 
detailed investigations were carried out. Our synthetic efforts 
resulted in the isolation of the complexes [Mo(Me dtc) ] X from a 
reaction between Ho(Me dtc) and halogens (14) and the compounds 
[BJ2 (Et dtc) ] X by another method (15). The evidence described in 
this thesis and an X-ray stiucture determination performed in our 
department (16) reveal these compounds to be eight coordinated. 
Meanwhile, Rowbottom and Wilkinson reported the electrochemical 
oxidation and the reaction with iodine of Mo(Et dtc) (17). Re-
A survey of the abbreviations used in the text is given in 
the last section of this Chapter. 
When not specified, M = Mo, W. 
cently, McAuliffe and Sayle published the formation of 
[Mo(Et dtc) ] Cl from a reaction between MoOCl and (Et NH ) 
(Et2dtc) (18). 
In the meantime, Brown and Smith (19) prepared the complexes 
M(Tmdtc) . The reported magnetic susceptibilities for the 
M(R dtc) complexes differ much (11,13,19). This was the reason 
for a reinvestigation on these complexes. Some preliminary re­
sults for Mo(Et dtc) have already been published (20). Our in­
vestigations indicate that these compounds are diamagnetic. Du­
ring the course of these studies, an X-ray structure determina­
tion became necessary for an explanation of the results. Conse­
quently the structure of Mo(Et dtc) was determined (21). Com­
plexes W(R dtc) could not be prepared, in spite of various at­
tempts. 
Tetrakis-dithiocarbamato complexes are quite common for the 
metals in the first half of the transition series: they are known 
for Ti, Zr (22-27), V, Nb, Ta (13,19,22,24,26,28-31), and Re (17, 
32). 
The existence of complexes with formula [M (R dtc) ] and 
2 2 о 
[Mo (R dtc) ] have also been reported (33-35). An interesting 
feature of the latter compound is the oxidative addition of the 
dtc ligand to Mo resulting in a sulfido thiocarboxamido molyb-
denum(IV) complex (35,36). We tried to repeat the synthesis of a 
tris-dithiocarbamato complex of molybdenum by the method of Brown 
(33). In spite of considerable efforts we did not succeed to pre­
pare this compound and we doubt whether a tris-dtc complex can be 
obtained by this method. 
As we were unable to prepare complexes other than those in 
which eight sulphur atoms were coordinated to the metal ion, we 
have extended our investigations to complexes of molybdenum and 
tungsten with other sulphur-containing ligands. First, we prepared 
some complexes with formula M(KCS ) (R = p-toluyl, 2-naftyl). 
This type of compounds has recently been described by Piovesana 
and Sestili (37). From preliminary X-ray data and other results 
it is concluded that the metal ion is eight coordinated in these 
compounds also. Vanadium complexes of this type are known as well 
(38,39). 
Furthermore, our research was extended to complexes contain­
ing both the diethyldithiocarbamato and the maleonitriledithiol-
ato ligands. Tris-l,2-dithiolato complexes (or dithiolene com­
plexes) have been extensively studied on account of their redox 
behaviour and coordination geometry. X-ray studies on Mo(S С H ) 
(40) and Mo(S С H ) (41) have established trigonal prismatic 2 6 4 3 
coordination in these complexes. Several reviews concerning this 
type of complexes have been published (42-44). Several reports 
on the complexes A [M(mnt) ] (A = cation) can be found in the 
literature (45-47). The coordination geometry of these complexes 
is midway between an octahedron and a trigonal prism (48) We 
have investigated the compounds (Bu N) [M(mnt) (Et dtc)] in which 
the coordination geometry is a nearly perfect trigonal prism, as 
shown by an X-ray structure investigation (49). 
Survey of this thesis. 
As indicated above, this thesis deals with the eight coor­
dinated complexes Mo(R dtc) and [M(R dtc) ] X (R = Me , Et-, 
¿ι 4 ¿t 1 £i ¿ £á 
i-Pr , Tm, Pm, MeBz, Bz , Ph ), and M(Rdta) (R = p-toluoyl, 
2-naftoyl), and the six coordinated complexes (Bu Ν) [M(nmt) ] 
and (Bu Ν) [M(mnt) (Et dtc)] . In Chapter II we discuss the syn­
thesis, structure, and physical properties of these complexes, 
with some emphasis on the Infrared spectra of dithiocarbamato 
complexes. Chapter III deals with the results of the voltamme-
tric measurements and gives a discussion of the substituent 
effect. The electronic and magnetic data are interpreted in the 
Ligand Field model in Chapter IV. Arguments will be given for 
the diamagnetism of the Mo(R dtc) complexes. In Chapter V the 
results of Extended Hückel calculations on these compounds are 
presented. This is followed by a discussion of the energy level 
diagrams and the mixing between metal and ligand orbitals, in 
Chapter VI. Details of the experimental procedures are given in 
Chapter VII. An Appendix of some infrared data, a list of re-
ferences, and a summary conclude this thesis. 
List of abbreviations used. 
dtc, or Rgdtc dialkyldithiocarbamate 
/""cx. 
R S 
Tmdtc 
tetramethylene-
dithiocarbamate 
Ι /Ν-\ 
CH-CHi S -
Pmdtc 
MeBzdtc 
pentamethylene-
di thiocarbamate 
methylbenzyl-
dithiocarbamate 
H,C Ν—С 
CH¡-CH, s 
s 
о-
сн, 
Y- </ 
f-\ 
СН, S" 
tds, or R.tds 4 
tetra-alkyl-
thiuramdisulphide W Vi' 
R' S - S 7 4R 
b i t t , or R^bitt 4 
.2+ 3,5-bis(N,N-dialkyliminium) 
trithiolane 1,2,4 ion 
XN=C C = N 
« s — s " 
dta, or Rdta R-dithioacid R—C, 
V. 
5 
dtt dithiotoluic acid Ц3С-
dtb dithiobenzoic acid 
R„tcds 
Ori 
s 
dtn dithionaftoic acid ^*. ^-^ С VS 
S s R-thiocarbonyl- i/ \ 
V C a S disulphide R-C. /-» 
S—S 
NC S" 
maleonitrile- f. 
mnt II 
dltbiolate С NC S-
The usual abbreviations Me, Et, i-Pr, Bz, and Ph, are used for 
the -CH3, -C 2H 5, -СН(СНз)2, "CH^CgH^ and -Z^b groups. 
Dithiolato complexes are sometimes called dithiolene compounds. 
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CHAPTER II 
SYNTHESES AND CHARACTERIZATIONS 
In this chapter we shall discuss the methods used for the 
preparation of the complexes (section 1), the structures of the 
compounds so far investigated by X-ray studies (section 2), and 
the characterization of the compounds (sections 3, 5, and 6). 
Some emphasis will be laid (section 4) on the interpretation of 
the infrared spectra of dlthiocarbamato complexes. 
1 Synthetic methods• 
The complexes of molybdenum and tungsten with dithioligands 
which are reported in the literature have been prepared by three 
methods. 
- Addition of CS to metal amide compounds: this method has been 
used to prepare Mo(Me NCS ) from Mo(NMe ) (12). The disad­
vantage of this method is that the starting compounds are dif­
ficult to prepare and extremely sensitive to water and oxygen. 
- Reaction of dlthiocarbamato salts with metal halides: this 
method is the most general one for the synthesis of dlthio­
carbamato complexes. It has been used for the synthesis of 
molybdenum and tungsten complexes with R NCS ligands (13,19), 
2-
RCS ligands (37), and (CN) С S (45-47). The sensitivity of 
the metal halides to water and oxygen, the occasional diffi­
culties in separating the metal complexes from the formed salt 
(in the case of dialkylammonium salts), and low yield of di-
thiobenzoato and maleonitriledithiolato complexes (^  20 % and 
50 % respectively), are some disadvantages of this method in 
the preparation of molybdenum and tungsten complexes. 
- Oxidative decarbonylation of complexes containing metals in a 
low formal oxidation state with disulphides: this well-known 
method (50) was used for the preparation of Mo(Me„dtc). from 
Mo(CO) and Me tds by Jowitt and Mitchell (11). These authors 
suggest that the method may be of general application for the 
synthesis of molybdenum-sulphur complexes. This method is sim­
pler than the previous two and mostly gives high yields. We 
used this method for the synthesis of our complexes. The star­
ting compounds were the hexa-carbonyls and the compounds 
(Bu N) [M(C0) X] . The latter compounds were prepared in situ 
by heating the corresponding hexa-carbonyl and an equimolar 
amount of (Bu Ν) X in a suitable solvent, e.g., diglyme (51). 
We shall discuss in general the synthesis of the complexes. 
Details of the methods are given in Chapter VII. 
The synthesis of dithiocarbamato complexes of molybdenum is 
summarised in Fig. 1. In this scheme all possible reactions are 
given. However, the feasibility of these reactions and the chance 
of obtaining well-defined products depend on the substituent R. 
When Mo(CO), and an equimolar amount of R tds are refluxed 6 4 
in a suitable solvent like toluene or acetone, Mo(R9dtc) is form­
ed for all R. If excess Et tds is used, a compound Mo(Et dtc) is 
formed, in which one of the dithiocarbamato ligands is not coor­
dinated to the metal ion, as indicated by the physical measure­
ments. This product can also be prepared from a reaction between 
Mo(Et„dtc), and Et,tds in acetone. This reaction was not inves-2 4 4 
tigated for other thiuramdisulphides, except for Me tds. The nega­
tive result obtained with this compound may be due to the insolu­
bility of Mo(Me dtc) . With less than two moles of tds per mole 
of Mo(CO) , the product is still Mo(R dtc), mixed with unconvert-6 2 4 
ed hexa-carbonyl. 
g 
Mo 
(BuiN)X 
,Mo(Et2dtc)5 
C0)6 /l4*\ MolRjdtc)^  
r, l»· 
(Bu tN)[Mo(C0)5X] T f ' t t d $ > MolR;dtc) tX 
X = Br.I 
(Ви;М)[Мо(С0);Хз] 
1 в г
г 
Ribitt A 
A=complex anion 
Mo(R2dtc)iY 
=Із 
СЮ; 
CuBr2 
Figure II-1. The synthesis of the dithioccœbamato complexes of 
molybdenum. 
When (Bu Ν) [Mo(CO) Χ] is used as starting compound, addition 
of 5/2 R tds at 100 "С in diglyme yields [Mo(R dtc) ] X. This re­
action proceeds in ten minutes. For some substituents (Ph, Bz, Tm) 
impure products are obtained. These products contain [Mo(R dtc) ] 
X, and Mo(R dtc) - which were identified with voltammetric mea­
surements and infrared data - and some unidentified species. 
The complexes [Mo(R dtc) ] X can also be prepared by reaction 
of Mo(R dtc) with halogens. The compound [Mo(R dtc) ] I was 
formed from the reaction with excess iodine, whereas the reaction 
with excess bromine leads to a mixture which contains the 3,5-bis 
(N,N-di-R-iminium)trithiolane-l,2,4 ion, as could be concluded 
from the infrared spectra (8,52). Only the reaction between 
[Mo(He dtc) ] Br and Br yields [Mo(Me2dtc)4] Br3. 
From the reaction of one mole of (Bu,N) [Mo(C0)
r
X] with less 
4 5 
than 5/2 moles of Et tds no indication has been found for the 
formation of other products as [Mo(Et dtc) ] X, whereas for low 
ratios of tds per Mo, some Mo(Et dtc) was also found. These pro-
ducts were identified by infrared and analytical data. We have 
also investigated the reactions of (Bu^N) [Mo(CO)>X_] (for X = 
4 4 3 
Br, I) and Mo(CO) X (for X = CI, Br) with various amounts of 
Et tds. These starting compounds were prepared in situ as de-
scribed in the literature (53-55). The only product that could 
be isolated from these reactions was again [Mo(Et dtc) ] X. How-
ever, when the reaction mixture contained some water or oxygen, 
MoO(Et dtc) X could be isolated for X = CI, Br. [Mo(Et dtc) ] X 
and MoO(Et dtc) X were also isolated from reactions of carbonyl-
halide complexes with NH (Et dtc). 
Though we have found no indication for the existence of di-
thiocarbamato complexes of molybdenum other than those mentioned 
above, it is claimed by Brown (33) that oxidative decarbonylation 
of one mole of (w-toluyl)M(CO) with 3/2 moles of tds yields com-
pounds with formula [M„(R0dtc)J . This report is rather vague 
2 2 6 
and no experimental details are given. Repeating this experiment, 
we could only isolate products with the same analytical data and 
physical properties as the tetrakis-dtc complexes. So we believe 
that by this method no tris-dithiocarbamato complexes can be pre-
pared. Mitchell and Searle (34) have synthesized a tris product 
by the reaction of MoOCl and Na Et dtc in an oxygen-free water 
solution containing the buffer sodium acetate. With the same 
starting complex and (Et NH ) (Et dtc) in a methylcyanide solu-
tion, McAuliffe and Sayle (18) isolated [Mo(Et dtc) ] CI. We be-
lieve that further investigations in this area are required before 
the existence of a tris compound may be assumed. From the colour 
and the way of synthesis it may be supposed that the compound 
Mo(Pmdtc)3, that was reported in 1961 (56), is Mo 0 (Pmdtc) . 
No analytical data were given for this complex. 
10 
Concerning the mechanism of the reactions it might be sup­
posed that the first step in the reaction is a splitting of the 
thiuramdisulphide molecule into two radicals, as when tds is 
heated (6,57). Λ dithiocarbamato radical may then react with the 
carbonyl, resulting in an electron-transfer from the metal to the 
radical, coordination of the generated dtc ligand and liberation 
of carbon monoxide. The known compounds Mo(CO) (R dtc) and 
Mo(CO) (R dtc) (58) may be intermediates though these have not 
been detected by us. 
Compounds with formula [Mo(R dtc) ] CuBr have been prepared 
from [Mo(R dtc) ] Br and CuBr. Haloform adducts of the compounds 
[Mo(Et dtc) ] X can be prepared by precipitation of the complexes 
from a solution in chloroform or bromoform and from a dichlorome-
thane solution which contains iodoform. 
Compared with molybdenum, there are less suitable synthetic 
routes for tungsten compounds. This is shown in Fig. 2. Using 
[W(CO) X]", [W(CO) X ]", or W(CO) X , the reaction with R tds 
yields only [W(R dtc) ] X. However, the reaction of thiuramdisul­
phide with tungsten hexa-carbonyl does not yield W(R dtc) . or 
W(C0)6 — χ - * 
U4N)xj 
(Bu tN)[w(C0)5X] т " и и з » W(R2dtc)tX • W ( R 2 d t c ) ; Y 
У=Із 
Ct04 
(Ви 1 М)[\Л(|С0) 1 Хэ] / R 4 H t A CuBr, 
xJ(X=Br.I) 
A=complex anion 
Fvgure II-2. The synthesis of the dithiocarbamato complexes of 
tungsten. 
W(R dtc) . A low percentage of nitrogen in the isolated compounds 
indicate the ligand to be decomposed in this reaction. So no 
УЦІ ) complex could be prepared by this method. 
The tungsten carbonyls react more slowly than the molybdenum 
carbonyls. This well-known kinetic inertness of tungsten is a-
scribed to the lanthanide contraction (59). 
Compared with the dtc complexes, the reaction scheme for the 
complexes derived from Rdta ligands (Fig. 3) is rather simple. 
All reactions result in the formation of tetrakis complexes in 
more than 80 % yield. This compares very favourably with the syn­
thesis from К MoCl , which results in yields of 20 % or less 
(37). An unidentified compound is also formed in varying low 
yields. This could be separated from the tetrakis complex by re­
peated recrystallization from toluene. The reactions of the 
R teds compounds with the complexes [M(C0) X ] or M(C0) X has 
not been investigated. 
M(C0)6 Z B i t c d 5 , M(Rdta)t 
(ButN)X /2R2tcds 
(B^Nj^lCOlsX]' 
Figure I1-3. The synthesis of Rdta complexes. 
The methods reported in the literature for the preparation 
of mixed complexes of dithioligands are ligand-exchange reactions 
(5,60), reactions of complexes with low coordination number with 
free ligands and sometimes subsequent aerial oxidation (61,62), 
and oxidative addition of dithiene compounds S C R to complexes 
M(R dtc) (63). In attempts to prepare complexes with Et dtc and 2 2 A 
mnt ligands, we tried the first and second methods but without 
12 
success. No indication of ligand exchange was found when (Bu N) 
[M(rant) ] was refluxed for ten hours with either Mo(Et dtc) or 
3 β 4 
[M(Et dtc) ] Br in a suitable solvent like acetone or chloroform, 
and no reaction between Et tds and (Bu N) [Mo(mnt) ] occurred. 
So we looked for a direct method. 
Compounds (Bu N) [M(mnt) (Et dtc)], contaminated with (Bu.N) 
[M(mnt) ], could be prepared in acetone by oxidation of (Bu N) 
[M(CO)_l] with iodine in the presence of both Et dtc and mnt 
ligands. Small changes in the procedure (see description in Chap­
ter VII) result in the formation in high yield of products like 
[M(Et dtc) ] I and (Bu N) [M(mnt) ] . For instance, these were 
the main products when Et tds was used as the oxidant and supplier 
of dithiocarbamato ligands. 
St ructure o f the compounds. 
The complexes [M(R NCS ) ] 0 ' + and M(RCS ) all contain 
eight coordinated metal ions. This was indicated by various types 
of physical measurements (vide infra), and confirmed by X-ray 
investigations on Mo(Et dtc) (21), [W(Et dtc) ] Br (16), and 
2 4 л 4 
Mo(dtb), (37). 4 
From the four most obvious polyhedra for eight coordination, 
cube, square antiprism, triangular dodecahedron, and bicapped 
trigonal prism (64), only the antiprism and the dodecahedron have 
been observed in the crystal structure of complexes. Calculations 
of the ligand-1igand repulsion energy in eight coordination have 
shown that the antiprism (Fig. 4) and the dodecahedron (Fig. 5) 
are more stable than the other polyhedra (65-68). For bidentate 
ligands with a bite (bite: the ratio of the intraligand donor atom 
distance to the metal ligand distance) of about 1.10, the former 
two geometries have little energy difference and there is no ener­
gy barrier between them; the most stable geometry is a structure 
midway between these two geometries (67,68). Therefore, fluxional 
behaviour is to be expected and actually found by n.m.r. experi-
13 
Figure I1-4. The 
antiprism; the two 
symmetry inequiva-
lent edges, Ъ, and 
s, are indicated. 
Figure II-5. The do-
deaahedron. Upper 
fig.: labels of the 
inequivalent vertices 
and edges; left fig.: 
coordinate system and 
the angles Θ. and Qfí. 
ments, for instance in complexes M(R R dtc) (M = Ti, Zr, Nb) 
(25-27). 
As the differences in repulsion energy for both the anti-
prism and the dodecahedron, and for distortions of these geome-
tries are very small, other terms like crystal field stabiliza-
tion, covalent bonding and crystal packing forces become impor-
tant. Therefore, it is not possible to predict the stereochemistry 
of the coordination sphere in these complexes. 
The structures of both [W(Et dtc) ] Br and Mo(dtb) show 
remarkably little distortions from D symmetry with chelation 
along the m edges (Hoard-Silverton notation, ref. 65; see Fig. 5). 
Fig. 6 shows the general structure of the complex ions and in 
Fig. 7 a stereoview of the unit-cell of [W(Et dtc) ] Br is pre-
sented. Table 1 gives some structural parameters of the complexes. 
They are compared with Ti(Et dtc) (23) and V(dtb) (39). 
The symmetry of Mo(Et dtc) is С and its coordination poly­
hedron may be described as either dodecahedral or antiprismatic, 
14 
Figure II-в. General structure of the dodecahedral complexes. 
Figure II-7. Stereoview of the unit-cell of W(Etgdtc) .Br. 
Figure I1-8. Stereoview of Mo(Et dtc). (Ethyl groups omitted). 
15 
Table II-Í. 
Structural data and dodecahedron edges of eight coordinated complexes. Mean distances and angles 
are given; standard deviations in parentheses. 
M-S, 
M-S ß , 
V s 
0A · 
% · 
¿SMS , 
b i t e 
a 2 , 
•n 2 . 
g ' . 
b 2 , 
T 1 T 2 ' 
S 
8 
0 
0 
0 
8 
S 
Χ 
Я 
HSM ' 
1 . 0 0 
1 . 0 0 
1 . 0 0 
3 6 . 9 
6 9 . 5 
l.?0 
1.20 
1.20 
1.50 
9 0 . 0 
MFP ' 
1 . 0 3 
1 . 0 0 
1 0 3 
3 5 . 2 
7 3 . 5 
1.17 
1.17 
1.24 
1.49 
9 0 . 0 · 
T l ( E t 2 d t c ) 4 
?.. 6 0 6 ( 8 ) 
2 . 5 2 2 ( 8 ) 
1 . 0 3 3 
3 5 . 1 ( 6 ) 
7 7 . 5 ( 8 ) 
6 7 . 3 ( 2 ) 
1 . 1 1 
3 . 0 0 
2 . 8 4 
3 . 3 0 
3 . 6 4 
8 8 . 8 
[ W ( E t 2 d t c ) 4 ] Br 
2 . 5 2 3 ( 7 ) 
2 . 4 9 4 ( 7 ) 
1 . 0 1 2 
3 4 . 7 
7 7 . 5 
6 7 . 8 ( 2 ) 
1 . 1 2 
2.β7(1. 14) 
2.80(1.12) 
3.22(1.28) 
3.61(1.44) 
8 9 . 3 
M o ( E t 2 d t c ) 4 
2 . 5 3 6 ( 3 ) 
2 . 5 2 2 ( 3 ) 
1 . 0 0 6 
3 8 . 6 
6 8 . 9 
6 7 . 3 ( 1 ) 
1 . 1 1 
3.17(1.25) 
3.03(1.20) 
2.81(1.11) 
3.59(1.42) 
4.00(1.58) 
9 0 . 0 
M o ( d t b ) 
2 . 5 4 3 ( 1 ) 
2 . 4 7 5 ( 1 ) 
1 . 0 2 7 
3 7 . 9 
7 5 . 3 
6 6 . 8 
1 . 1 0 
3 . 1 2 П . 2 4 ; 
2.76(1.10) 
3.18(1.27) 
3.61(1.44) 
9 0 . 0 
V ( d t b ) 4 
2 . 5 6 ( 2 ) 
2 . 4 5 ( 1 ) 
1 . 0 4 7 
3 7 . 9 ( 3 ) 
7 4 . 4 ( 6 ) 
6 7 . 8 
1 . 1 1 
3 . 1 5 
2 . 7 9 
3 . 1 5 
3 . 5 9 
8 9 . 8 
Explanation of the Table. 
For definitions of Θ, a, m, g, b, and the bite, see Fig. 5 and text. Нл/Нд i e t h e ratio of the 
metal-sulphur distances. T T is the angle between the two intersecting trapezoids of the dodeca­
hedron. 
Parameters for the Ward Sphere Model and the Most favourable Polyhedron on the basis of repul­
sion energy calculations (65). The M-S
n
 distance is taken as 1.0. 
In parentheses the ratio of this parameter and R_ is given. 
both with severe distortions. A stereoview of this complex is 
presented in Fig. 8. In a dodecahedral description, chelation oc-
curs along the g edges. Four of the sulphur atoms still lie in 
one plane as in pure dodecahedral coordination, but they belong 
to four different ligands. The other four sulphur atoms are dis-
placed from the other plane towards the above mentioned atoms 
to attain a normal intraligand sulphur-sulphur distance of 2.8 A. 
The metal-sulphur bonds make an angle of 9 with this plane. This 
makes the dodecahedral b edges of unequal length as is shown in 
Table 1. 
When we choose to describe the molecule as an antiprism, the 
"squares" are formed by one intraligand and three interligand sul-
phur-sulphur distances '(^¿2., 2.81, 3.02, 3.05, and 3.24 X resp.). 
The length of the 1 edges (Fig. 4) which should all be equal in 
an antiprism varies between 2.81 and 3.59 A, indicating the strong 
distortion from D symmetry. 
This type of distortion is not identical with the distortion 
that follows from Kepert's theory. So the structure is prescribed 
by other effects, e.g., lattice forces. This implies that the 
structure of Mo(R dtc) complexes may be different in solution. 
In any further discussion of the properties of this complex 
we will use the dodecahedral description as it makes better compa-
rison possible with the other eight coordinated dithioligand com-
plexes. 
The metal-sulphur distances in the molybdenum and tungsten 
complexes do not differ much. As the radii of Mo and W are not 
very different - in octahedral fluorides and oxides they are con-
Note: it is stated in ref. 21 that a square is formed by 
S , S , S , and S' (see numbering scheme in the reference). 
However, the square formed by the sulphur atoms S , S' S', 
and S' show less deviations from planarity. 
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siderea to be the same (69) - this could be expected. The Mo-S 
distance is in the range of values observed in other molybdenum-
dithiocarbamato complexes which are reported to be between 2.41 
and 2.68 8 (36,70,71). 
The parameters in Table 1 give some structural information 
on the dodecahedron edges and the angle with the unique axis. 
a, m, g, and b are the sulphur-sulphur distances. Most of them 
are shorter than the Van der Waals distance for sulphur, ^3.7 A. 
In complexes with dithioligands, interligand S-S distances of 
about 3.4 A are normally found (23,48,70). In our complexes some 
Van der Waals contacts between sulphur atoms are significantly 
shorter than this value. Especially in [W(Et dtc) ] Br there is 
a remarkable short interligand S-S distance of 2.87 A. This is 
the shortest distance found in complexes described in the litera-
ture. In Hdta complexes, the shortest interligand S-S distances 
seem to be somewhat longer than in the dtc complexes. These short 
distances may indicate some bonding character. However, it is not 
possible to recognize thiuramdisulfide molecules in the complexes: 
both in coordinated and free tds the S-S distance is 2.0 A and 
the planes containing the two dtc parts make an angle of about 
100° (72,73). 
Table 2 shows the mean ligand bond distances and angles 
in [W(Et dtc) ] Br and Mo(Et dtc) . They are equal within the 
standard deviations. The observed geometry is normal for bi-
dentate dithiocarbamato ligands. 
In [W(Et dtc) ] Br five ligand carbon atoms are about equal-
ly close to the bromine atom (distances between 3.53 and 3.78 A). 
As Fig. 7 shows, the anions and the complex ions form a layer 
structure so that not all of the ligands are close to a Br ion. 
Van de Aalsvoort and Beurskens have investigated some [M(Et dtc) ] 
X complexes to establish the isomorphy of the compounds. The data 
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T_dble_ II-2. 
Mean distancée (h) and angles (°) within the ligands. 
M-S 
c-s 
C-N 
c=c 
¿SMS 
¿MSC 
¿ses 
¿SCN 
¿sec 
Et d t c l i g a n d s 
[ W ( E t 2 d t c ) 4 ] 
2 . 5 1 
1 . 6 8 ( 3 ) 
1 . 7 3 ( 3 ) 
1 . 3 3 ( 3 ) 
6 7 . 8 ( 2 ) 
9 0 . 7 ( 9 ) 
9 0 . 8 ( 9 ) 
1 1 0 ( 1 ) 
1 2 5 ( 2 ) 
M o ( E t 2 d t c ) 4 
+ 
2 . 5 3 
1 . 7 0 ( 1 ) 
1 . 7 1 ( 1 ) 
1 . 3 4 ( 2 ) 
6 7 . 3 ( 2 ) 
9 1 . 1 ( 4 ) 
9 0 . 5 ( 4 ) 
1 1 1 . 2 ( 6 ) 
1 2 5 ( 1 ) 
nmt l i g a n d s 
[Mo(mnt) ] 2 " 
[ M o ( i i m t ) 2 ( E t 2 d t c ) ] ~ 
2 . 4 5 5 ( 3 ) 
1 . 7 1 ( 2 ) 
1 . 3 3 ( 2 ) 
7 0 . 4 ( 2 ) 
8 8 . 8 ( 4 ) 
1 1 2 . 0 ( 7 ) 
1 2 4 . 0 ( 9 ) 
2 . 3 5 7 ( 4 ) 
1 . 7 4 ( 2 ) 
1 . 3 1 ( 2 ) 
8 3 . 1 ( 2 ) 
1 0 6 . 8 ( 5 ) 
1 2 1 ( 1 ) 
2 . 3 7 4 
1 . 7 4 ( 1 ) 
1 . 3 3 ( 1 ) 
8 2 . 0 
1 0 7 . 4 ( 5 ) 
1 2 1 ( 1 ) 
of four complexes are given in Table 3 (73). It could be con-
cluded that the compounds containing Br and CI were isomorphous 
but that [Mo(Et dtc) ] I was different. We suppose that l" (ionic 
radius: 2.20 A) is too large to fit the structure of the Br" and 
CI compound (1.96 and 1.81 A resp.) and that another structure 
will be more stable. 
For tris bidentate chelate complexes the form of the coordi-
nation polyhedron depends on the bite of the ligand (75): the 
smaller the bite, the greater the distortion from an octahedron 
towards a trigonal prism. This distortion is described by the 
angle Φ between the projections of two metal-ligand bonds on the 
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Table ІІ-З. 
Crystal data for some complexes lA(Et-dtc) X (49t73). 
a , X 
b , 8 
C.X 
β , deg. 
v . X 3 
space 
group 
W - CI 
10.61(3) 
27.93(4) 
11.09(2) 
90 
3286(10) 
P2J/C 
W - Br 
10.693(4) 
28.02(1) 
11.156 
92.92(3) 
3342.4 
P2J/C 
Mo - Br 
10.65(3) 
28.35(4) 
11.25(2) 
90 
3397(10) 
PSj/c 
Mo - I 
7.27(4) 
20.04(6)' 
24.12(6) 
? 
3514(20) 
? 
Explanation of the table. 
c' = (1/c ) = esina, denotes: reciprocal space. 
a has been obtained from oscillation photographs; b, c', and 
the space group from Okl and Ikl Weissenberg photographs. 
' result for 1/b . 
xy plane that contains the three С axes present in D 0 symmetry 
2 « 3 
(see Fig. 9). In general this prediction is followed closely, 
exceptions are only found for complexes with bidentate ligands 
2-
of the type S2C2R2 ' e - B - ' "naleonitriledithiolate. In complexes 
of these ligands with highly oxidized metal ions, the coordina­
tion polyhedron is a trigonal prism in which all edges are (ap­
proximately) equal (the so-called ideal trigonal prism). 
On the basis of valence bond theory, the strongest bonding 
in a trigonal prism can be expected for an ideal trigonal prism 
(76). Stiefel and Brown (77) have proposed the ratio s/h (see 
Fig. 9) as a further criterion to distinguish octahedral and tri­
gonal prismatic coordination. The relation between the bite, the 
distortion angle Ф, the triangular edge s, the height of the poly-
20 
— » 
Figure 11-9. Left figure: a geometry Ъеілзееп an octahedron and a 
trigonal prism; right figure: projection of the upper and lower 
triangle upon the xy plane. Definitions of Θ and Φ are shewn. 
hedron h, and the metal- l igand d i s tance R i s : 
2 2 
. 2 4,s. . 2 , . h. 
= 3 < R ) s i n *Φ + (R> 
In an ideal trigonal prism s = h and the bite is 1.31. In 
Kepert's theory this bite should lead to Φ = 50°, which is also 
found in a number of complexes with a bite of 1.31 (75). These 
results suggest that as a rule the bite determines the distortion 
angle Φ in the complexes. The exceptions mentioned above have the 
structural parameters close to an ideal trigonal prism, suggesting 
that apart from the bite another effect influences the form of the 
coordination polyhedron. It has been suggested that in these com­
plexes considerable ligand-ligand interactions occur (78,79). As 
the sulphur-sulphur distances in the prism are shorter than in the 
octahedron (1.31 and 1.41 respectively with respect to the metal-
ligand distance) this might cause trigonal prismatic coordination. 
It is noted by Brown and Stiefel (4 ) that in reduced forms 
of tris-l,2-dithiolato complexes the structure is near-octahedral 
or distorted to an intermediate form between octahedron and prism. 
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[Mofmntlj]'" [Mo(imjt)¡(Et,dtc)]~ 
Figure 11-10. Projection of the triangles upon the xy plane. 
The angle Φ in the complexes [M(mnt) ] is found to be 28° (48). 
Replacement of a mnt llgand by an Et dtc llgand, as in 
[Mo(mnt) (Et dtc)] , gives again an almost pure trigonal prisma­
tic coordination (49). In Fig. 10 the projection of the sulphur 
atom positions on the xy plane are compared. Fig. 11 shows a 
stereoview of [Mo(nmt) (Et dtc)] and in Table 4 the structural 
parameters of these complexes are compared with those of 
Mo(S С H ) (40) and Mo(S С H ) (41). Table 2 summarises the 
distances within the ligands. 
Figure 11-11. Stereoview of Mo(imt) jEtdtaf 
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Table II-4. 
Structural data of six coordinated complexes. Mean distances and angles are given; 
standard deviations in parentheses, 
M-S , 
θ 
φ 
s , 
h 
s/h 
S-S , 
b i t e 
abp , 
¿SMS, 
s 
о 
о 
S 
Χ 
S 
о 
' 
Octa- ' 
hedron 
1 .00 
5 4 . 7 5 
6 0 . 0 
1 .41 
1.16 
1.22 
1.41 
1.41 
1 8 0 . 0 
9 0 . 0 
I d e a l ' 
prism 
1.00 
4 9 . 1 
0 . 0 
1.31 
1.31 
1.0 
1.31 
1.31 
1 8 0 . 0 
8 2 . 0 
[Wdnnt)^2" 
2 . 3 7 1 ( 5 ) 
5 1 . 0 
28 
3 . 1 9 
2 .97 
1.07 
3 . 1 1 
1.31 
178.7 
8 2 . 0 ( 2 ) 
[ M o ( i i m t ) 3 ] 2 
2 . 3 7 4 ( 4 ) 
5 1 . 0 
28 
3 . 1 9 
2 . 9 9 
1.07 
3 . 1 1 
1.31 
1 7 8 . 6 
8 2 . 4 ( 2 ) 
[ M o ( n m t ) 2 ( E t 2 d t c ) ] " 
4 M o ( S 2 C 2 H 2 > 
2 . 3 5 7 ( 4 ) 
4 9 . 1 
3 . 1 2 
3 . 1 3 
1.00 
3 . 1 3 
1.33 
8 3 . 1 ( 2 ) 
2 . 4 5 5 ( 3 ) 
5 2 . 8 
3 . 2 4 
2 . 8 3 
1.14 
2 . 8 3 
1.15 
7 0 . 4 ( 2 ) 
2 . 3 9 0 
5 0 . 3 
« 0 
3 . 2 0 
3 . 0 3 
1.06 
3 . 0 3 
1.27 
1 7 4 . 0 
7 8 . 9 
2 . 3 3 
4 9 . 1 
= 0 s 
3 . 1 1 
3 .10 
1.00 
3 .10 
1.33 
8 2 . 5 
M o ( S 2 C 6 H 4 ) 3 
3 
2 . 3 6 7 ( 2 ) 
4 8 . 9 
« 0 s 
3 . 0 9 1 
3 . 1 1 0 
3 . 1 1 0 
1.31 
8 2 . 2 
Explanation of the table. 
For definitions of Θ, Ф, s, h, and the bite, see Fig. 9 and text, abp is the angle between the 
upper and lower triangle of the prism and octahedron, respectively. 
1
 distances relative to M-S = 1.0. 
2
,
 3
,
4
I mean values for nmt ligands, Et dtc ligand, and all ligands, respectively. 
5
 not reported. 
As Table 4 shows, the interiigand sulphur-sulphur distance 
in the [M(iiint) ] complexes is significantly larger than that in 
the other complexes. In the mixed 1igand complex the S-S distance 
between two different ligands is larger than that between two mnt 
ligands. These larger distances may well indicate a weaker bonding 
interaction between the ligands. 
From Table 2 it can be seen that the Mo-S distance of dithio-
carbamate in the mixed 1igand complex is less than in Mo(Et„dtc) . 
This can be expected, because the coordination number in the for­
mer complexes is lower than in the latter. The sulphur atoms of 
the maleonitriledithiolato ligands are slightly closer to the me-
- 2-
tal ion in [Mo(mnt) (Et dtc)] than in [Mo(mnt) ] . The intrali-
2-
gand distances in R С S suggest a dianionic form; those dis­
tances in dtc are normal. 
Description of the dithiocarbamato complexes. 
All [M(R NCS ) ] X complexes have intense colours. Molyb­
denum compounds are dark red, tungsten compounds dark green. They 
are all stable towards air and water as solids and in solution. 
In general they are soluble in many common organic solvents like 
chloroform, acetone, ethanol, eta. , but the solubility depends on 
the nature of the substituents attached to the nitrogen. Upon 
crystallization most of the complexes include small amounts of 
solvent, which is indicated by the analytical data and the infra­
red spectra. In [Mo(Et dtc) ] Et dtc the free dithiocarbamato an­
ion seems to be unstable in solution. When the compound is preci­
pitated from a chloroform solution, the infrared absorptions of 
the anion disappeared or diminished in intensity, and some other, 
unidentified absorptions arise. This was assigned to a reaction 
of the anion with the solvent. In [Ni(phen)J (Et dtc) the anion 
also reacts with halocarbon solvents (80). 
As already mentioned, the metal(K) complexes react in chloro­
form solution with bromine, to yield compounds containing the 
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2+ 
Rbitt ion. These unstable compounds were not investigated fur­
ther. 
The conductivity of the complexes in nitrobenzene solution 
at 25 С is close to the range published for 1:1 electrolytes, 
2 -1 -1 
20 - 30 cm Ω eq. (81). From the Onsager equation for this type 
of electrolytes, Λ = Λο - Ave, values for Ло and A are determined 
by plotting Л us. /с. The expected value for A can be calculated 
from the relation A = αΛο + 0, with а = 0.78 and 0 = 44.2 for 
nitrobenzene at 25 С (5,82). The conductivity data are shown in 
Table 5. The discrepancies between A and A , are normal 
exp. cale. 
for this type of measurements. The cation conductivities were cal­
culated using tabulated values for λ" (83) . The λ+ values are ra­
ther high compared with those of cationic [M(Bu dtc) ] (M = Ni, 
¿ 3 Pd, Pt) complexes, in which values between 3.5 and 7.0 are re-
2 - 1 - 1 ported (2,8). With the mean λ value of 8.8 cm Ω eq. for 
[Mo(Et d t O j , the λ* value of Et dtc" is 12.8; this value is be-
Table_ II-5. 
Conductivity data of some M(Et-dto) X complexes, in nitrobenzene 
solution at 25 °C. !\o, and λ+ and λ" ore the тоЪаг and ionic 
and A 2 -1 -1 conductivities. They are given in cm Ω eq. .A 
ave the found and calculated slopes, respectively. 
exp. cale. 
Compound 
[W(Et 2 dtc ) 4 ] Br 
[ M o ( E t 2 d t c ) 4 ] Br 
[ M o ( E t 2 d t c ) 4 ] I 
[ M o ( E t 2 d t c ) 4 ] Etgdtc 
[ M o ( i - P r 2 d t c ) 4 ] Br 
[Mo(Ph 2 dtc ) 4 ] C10 4 
Λο 
3 0 . 8 
3 0 . 8 
3 0 . 0 
2 1 . 6 
2 9 . 9 
2 6 . 0 
A 
exp. 
6 5 . 5 
6 3 . 7 
6 3 . 0 
6 4 . 2 
7 8 . 7 
6 5 . 0 
A . 
c a l e . 
6 8 . 1 
6 8 . 1 
6 7 . 6 
6 1 . 0 
6 7 . 4 
6 4 . 5 
λ" 
2 1 . 9 3 
2 1 . 9 3 
2 1 . 2 5 
1 2 . 8 
2 1 . 9 3 
2 1 . 4 
λ
+ 
8 . 9 
8 . 8 
8 . 8 
8 . 8 
8 . 0 
4 . 6 
25 
tween the values found for CIO. and Ph.Β , 21.4 and 10.8, respec-
4 4 
tively (5,83). 
From conductivity measurements in chloroform solution, curves 
-3 
were obtained with a minimum at about 3.5*10 M. The minimum 
2 -1 -1 
value of about 5 cm Ω eq. is very small compared with the value 
of about 100 that is expected on the basis of Walden's rule (83, 
84). These results suggest association of the ions in this sol­
vent. 
Most Mo(R dtc) compounds have an intense colour, varying 
from red-brown to violet-black; Mo(Ph dtc) is grey. The complexes 
are readily soluble in most common organic solvents. In solution 
the complexes react with aerial oxygen, resulting in compounds 
containing partly decomposed ligands as indicated by analytical 
data. The reaction rate depends on the substituents and the sol­
vent: in acetone the oxidation is faster than in benzene. In the 
solid state the complexes are slowly oxidized in air. This is in­
dicated by an increase of the measured gramsusceptibility of a 
sample of Mo(Et dtc) from -0.28 to +0.28 e.m.u. in two months. 
In the infrared spectra of the complexes, oxidation can be detect­
ed by the presence of a Mo-0 stretching frequency around 950 cm , 
a normal place for this frequency (85,86). The compounds have to 
be stored under nitrogen. It is remarkable that the appearance 
of the crystals does not change upon oxidation of the compound. 
In chloroform solution the reaction between the solvent and 
the complex result in the formation of [Mo(Et dtc) ] CI; this was 
concluded from infrared spectra and analytical data. An oxidizing 
behaviour of chloroform towards Cu(R dtc) is also known (87). The 
behaviour of this solvent explains the results of n.m.r. measure­
ments reported in a previous publication (20): instead of a Mo(IV) 
complex an oxidized paramagnetic species was measured. 
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The infrared spectra of dithiocarbamato complexes. 
The infrared spectrum of [Mo(R dtc) ] ' can be interpreted 
as the summation spectrum of the MoS unit and the ligand R NCS 
(88). 
4.1 METAL-SULPHUR VIBRATIONS. 
In the range of 200 - 400 cm the spectra of the Mo(IV) 
complexes and the complexes containing M(V) ions show some bands 
that can be assigned to metal-sulphur vibrations because these 
absorptions are absent in the corresponding thiuramdisulphides. 
In Fig. 12 the far-infrared spectra of [Mo(Et dtc).) CI and 
Mo(Et dtc) are compared. Table 6 shows the M-S frequencies of 
-1 
the complexes. They are all located between 300 and 400 cm which 
is normal for complexes with sulphur-containing ligands. The 
highest frequency seems to be independent of the metal ion and its 
oxidation state; it is more affected by the nitrogen substituents. 
| Mo(Et,dtc)4 
Figure 11-12. The far-infrared spectra of Mo(Et2dta) and 
Mo (Et2dtc)4Cl. 
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Т_аЬ1е_ П-б. 
Metal-sulphur frequencies in the complexes. 
R2 
Me 2 
E t 2 
i-Pr? 
Tm 
Pm 
MeBz 
B Z
2 
P h 2 
Mo(R 2dtc) 4 
361 w, 342 sh 
352 ш 
376 w, 340 w 
336 m, 324 m 
348 ш 
366 m 
343 sh, 333 w 
[Mo(R2 
35Θ m 
360 s, 
376 m, 
344 s, 
357 m 
369 s, 
379 m, 
344 vw 
dtc)4]
 + 
330 sh 
335 w 
322 sh 
340 m 
341 w 
[W(Et2dtc)4]
 + 
356 m 
356 s, 328 sh 
379 m, 329 w 
333 s 
346 m 
382 w 
331 vw 
Table 7 shows that this is a normal feature of tetrakis-dithiocar-
bamato complexes of transition metals. The M-S absorptions in 
Modi') and Mo(IO complexes differ in the higher intensity that is 
found in the latter compounds. 
Table 11-7. 
A comparison of ¡4-S frequencies in various [M(Rpdtc) ] * 
complexes. Data from ref. IS, 19, 22, 25, 31. 
Compound 
M(Me2dtc)4 
M(Et2dtc)4 
[M(Et2dtc)4] + 
M(i-Pr2dtc)4 
NKTmdtcK 4 
Ti 
356 
357 
369 
V 
354 
361 
Zr 
353 
357 
M = 
Nb 
345 
362 
362 
331 
= 
Mo 
361' 
352 ' 
360 ' 
376 ' 
336 ' 
335 
Ta 
363 
w 
365 
356 ' 
346 
1
 this work. 
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4.2 LIGAND VIBRATIONS. 
In the approximation of С symmetry for the ligand H NCS„ 
11 infrared bands are expected. Indeed the infrared spectrum of 
Pt(H NCS ) shows 11 absorptions that are assigned to ligand vi­
brations (88). When the symmetry of the ligand is lowered to С , 
the torsion around the C-N bond also becomes infrared active. 
When the hydrogens bonded to the nitrogen atom are replaced 
by other groups, the complexity of the expected spectrum in­
creases To simplify the interpretation of the spectra we in­
troduce the supposition that the vibrations of the NCS part of 
the ligand and the vibrations of the substituents are only weak­
ly coupled (with exception of the C-N-C vibrations). The normal 
coordinate analysis of Ni(Me dtc) shows a rather strong mixing 
of the C-N-C vibrations with vibrations of the NCS„ unit (89). 
However, the replacement of CH by other alkyl groups will have 
just a small influence and we may recognize group frequencies 
for these ligands Therefore we now discuss the assignments made 
in the literature. These are summarized in Table 8. 
Though the C-N frequency was assigned early (90), the as­
signment of C-S frequencies was more difficult, as the region in 
which these absorptions are found varies strongly with the sub­
stituents on the carbon atom (91). Nowadays mostly the absorp­
tions near 1000 cm are assigned to C-S. The number of vibra­
tions present between 1050 and 950 cm was used by Bonati and 
Ugo (92) and Brinkhoff (2) to distinguish monodentate and biden-
tate coordination in the former case two absorptions are observed, 
in the latter case one. There is no group theoretical basis for 
this practice as in С symmetry all ligand vibrations that may 
contain contributions from C-S vibrations are allowed. 
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Table ITZ8. 
A comparison of literature assignments of the infrared spectra 
of complexes with dimethyl- and diethyldithiocarbamato ligands. 
| M v t c 
I 
ass. of observed 
Jensen 
\>(cm 
6(СН
г
) 
6
в
(ср
г> 
^ з * 
ν (CSS) 
+ 0 (CSS) 
Ρ(сн3) 
P(CHZ) 
><сн3> 
va(CîiC) 
ν (cao 
+Sp(CH3) 
not ass. 
v
s
(CSS) 
ui(CSS) 
6 (CSS) 
ν (CSS) 
+ ρ(CSS) 
bands 
1530 vs 
1455 ш 
1400 s 
1375 s 
1240 s 
1150 s 
1090 w 
1045 m 
970 s 
940 vi» 
890 vw 
580 m 
550 w 
450 m 
410 ш 
literature 
assignments 
\>ÍCW;(90P97) 
CS(97) 
C5(97-99) 
CSS(98) 
Et2dtc 
observed 
bands 
1500 vs 
1455 s 
1435 s 
1380 s 
1360 s 
1300 w 
1275 s 
1210 s 
1150 s 
1095 m 
1075 m 
1020 sh 
1000 w 
915 w 
850 m 
780 w 
610 w 
580 m 
560 m 
490 w 
460 vw 
400 w 
literature 
assignments 
v(CN)(2,90-92,9В,100) 
&(СН
г
)(100,101) 
6(СЧ)(91,100,101) 
&(СН3)(101) 
&(СН3)(91,101) 
υ(СЛи (91,101)J 
\>(CNC)il00) 
NCS (91,98), v(CNC)aOO), 
v(cs)aoi) 
\)(CNC) (13,19,22), 
NCS2<91)3 v(CN)aoi) 
\>(CS) (2,91,92,100) 
v(CS)(.91,98,99,100), 
OTC(lÔl) 
v('CSJ(24)J v(CC)(99) 
CA'C(lOl) 
vCCSS;(98) 
«(CS;(98) 
1
 ref. 89. 
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Normal coordinate analyses of several dtc complexes have 
been reported. Nakamoto et аЪ. (88) investigated Pt(H dtc) , 
Durgaprasad et al. (93) and Jensen et al. (89) studied 
Ni(Me dtc) . These last authors also investigated the free ion 
(94) and the influence of substitution of sulphur by selenium 
(95). The same type of calculations was done by Mel'nikova (96). 
All these results are in qualitative agreement; Jensen's results 
are shown in Table 8. 
The results indicate that it is not possible to assign an 
absorption to a simple localized vibration, except for the C-H 
vibrations and, to a lesser extent, v(C-N). There is no agreement 
between these calculations, which show that the C-S vibrations 
have only a minor contribution to the absorptions near 1000 cm , 
contrary to the common assignment found in the literature. 
In Table 9 the main absorption maxima of Mo(R dtc) (R = 
Me , Et , i-Pr , Tm, Pm) and their shifts upon oxidation are com­
pared. A number of vibrations present in Mo(Me dtc) occur also 
in other R dtc complexes. We suppose that this indicates a common 
origin. If Jensen's description of the vibrations in Ni(Me dtc) 
is also valid in good approximation for other complexes, the vi­
brations around 1450, 1400, 1150, and 1050 cm" are C-Η vibra­
tions. The 850 and 780 cm absorptions are not present in Me dtc 
complexes and originate possibly in C-C vibrations. The other ab­
sorptions might be due to vibrations of the NCS„ group. 
Absorptions with a common origin should show comparable 
behaviour upon oxidation. As Table 9 shows, this is not observed 
for all vibrations. Especially the vibrations around 1300, 1200, 
and 1110 cm show different behaviour upon oxidation for dif­
ferent R. The data show no clear trends and no explanation seems 
possible at the moment. The small shift in the absorptions near 
1400, 1050, 1000, and 850 cm is in agreement with an assignment 
of these bands to substituent and C-N-C vibrations. 
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Table_ 11-9. 
Comparison of the vibrations and their shift upon oxidation 
(in от ) in several MoiP.dto). complexes. 
Mo(Me2dtc)4 
1518 s 
1450 sh 
1384 s 
1259 m 
1147 s 
1050 w 
1015 w 
1001 w 
975 w 
898 w 
585 w 
451 m 
411 
+33 
- 4 
+12 
-15 
0 
0 
0 
+ 11 
-10 
- 7 
- 1 
-
Mo(Et dtc) ! 
1493 s 
1455 s 
1430 s 
1377 s 
1355 s 
1303 ш 
1276 s 
1214 s 
1148 s 
1095 sh 
1077 s 
1003 m 
913 ш 
850 ш 
779 m 
603 w 
577 m 
486 vw 
464 vw 
398 w 
+24 
0 
+10 
0 
- 4 
+ 1 
- 5 
+ 4 
- 3 
- 2 
- 2 
+ 5 
0 
- 1 
+ 8 
+ 2 
+ 3 
+ 4 
Ho(i-Pr2dtc)4 
1473 s 
1450 sh 
1439 s 
1378 m 
1368 s 
1312 vs 
1198 s 
1146 s 
1101 m 
1041 s 
908 w 
847 m 
803 m 
591 m 
579 sh 
534 w 
478 w 
410 vw 
+25 
+11 
+ 8 
+ 6 
+ 4 
+24 
- 5 
0 
+19 
+ 2 
0 
+ 5 
0 
+16 
+ 5 
0 
- 5 
0 
Mo(Tmdt 
1485 m 
1469 s 
1446 s 
1334 s 
1329 s 
1245 m 
1217 m 
1183 m 
1164 m 
1107 m 
1033 w 
1010 w 
951 m 
906 w 
854 w 
837 m 
708 m 
578 w 
539 w 
454 w 
414 w 
C
>4 
+28 
- 1 
- 1 
0 
+ 4 
+ 3 
- 2 
+ 1 
- 3 
0 
- 1 
+ 2 
+ 4 
+ 7 
+ 5 
+ 1 
- 3 
- 4 
+ 15 
Mo(Pmdt 
1476 s 
1462 sh 
1437 m 
1360 m 
1347 m 
1276 m 
1232 s 
1158 w 
1123 ш 
1073 w 
1066 w 
1020 m 
998 s 
944 w 
883 w 
855 m 
811 vw 
608 m 
533 w 
519 w 
509 w 
466 w 
408 m 
C
>4 
+48 
- 4 
+ 6 
+ 3 
+ 3 
+ 8 
+21 
+ 5 
+ 17 
- 1 
- 4 
+ 2 
+ 8 
+ 3 
0 
- 1 
+13 
+13 
+ 4 
- 1 
+ 4 
- : not observed in Мо(У) complexes. 
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In conclusion we may state that in the infrared spectra of 
dithiocarbamates with simple substituents several absorptions can 
be assigned to vibrations of NCS : 
- around 1500 cm (the C-N stretching frequency); 
- between 1250 and 1340 cm ; 
- between 1180 and 1250 cm ; 
- between 970 and 1050 cm ; 
- around 900 cm ; 
- around 600 cm ( ν (S-C-S)) 
s
 _! 
- between 530 and 570 cm (u)(S-C-S)) 
between 440 and 490 cm (6(S-C-S)) 
around 410 cm ( ν + ρ (S-C-S)) 
4.3 THE C-N STRETCHING FREQUENCY. 
Table 10 compares the frequencies in our complexes that show 
a shift of more than 10 cm upon oxidation. They are believed to 
contain a contribution of v(CN). Besides the 1500 cm band, in 
most of the complexes other absorptions also show a large shift. 
Table II-IO. 
Infvared absorptions (am ) of Mo(R~dtc) . complexes 
whi-oh shew a strong positive shift upon oxidation. 
Me„ 
E t
? , 
i-Pr, 
Tm 
Pm 
MeBz 
P h2 
Mo(R 2dtc) 4 
1518, 1384 
1493, 1430 
1473, 1450, 1312, 1101 
1485 
1476, 1232, 1123 
1494 
1363, 1048 
(Mo(R2dtc)4]
 + 
1551, 1396 
1518, 1440 
1498, 1461, 1336, 
1513 
1524, 1253, 1140 
1524 
1391, 1063 
1119 
33 
C-N stretching frequencies (cm ) in tetrakis-dtc complexes, 
as reported in the literature (13,19,22,25,28,31). 
Ti 
V 
Zr 
Nb 
Mo 
Ta 
W 
M(Me 2dtc) 4 
1518 
1521 
1521 
1520 
1510 
1518 ' 
M(Et2dtc)4 
1493 
1493 
1494 
1485 
1499 
1504 
1493 ' 
1525 2 
[M(Et2dtc)4]
 + 
1520 
1518 ' 
1524 
1518 ' 
M(Tmdtc) 
1490 
1485 ' 
1490 
1520 г 
this work. 
erroneous data, see text. 
In Table 11 the C-N stretching frequencies around 1500 cm 
in several [M(R dtc) ] 0' + complexes (M = Ti, V, Zr, Nb, Mo, Ta, 
W) are compared. This frequency is almost independent of the metal 
ion for metals in the same oxidation state, indicating an equal 
electron donation of the ligands to these metals. The reported 
C-N frequencies of the compounds W(Et dtc) (13) and W(Tmdtc) 
& 4 4 
(19) are suspect; their optical and magnetic data suggest that 
their formulation as tungsten (J7/) complexes is in error. We sup­
pose that oxidized species are measured. 
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Upon oxidation of Mo(Et dtc) the shift in the C-N frequency 
-1 ¿ 4 
amounts to 25 cm . This is about half of the shift in ν(C-N) when 
Cu(Et dtc) is oxidized to [Cu(Et dtc)J I where it is 45 cm" 
(2). An increase of 30 - 40 cm was found when complexes 
Fe(Et dtc) and Mn(Et dtc). were oxidized to their +1 ions (102), 
though Brown et al. reported for [Mn(Et dtc) ] ' an increase of 
-1 г à 
50 cm (103). From this it appears that upon a one electron oxi-
dation of a complex M(Et dtc) the shift in v(C-N) amounts to 
100/x, when no structural changes occur. Data from Table 10 and 
references 102 and 103 suggest that for Me dtc complexes this 
shift is about 125/x; for other R dtc complexes no simple rela-
tion seems to hold. 
4.4 DISCUSSION OF S0№ INDIVIDUAL SPECTRA. 
Spectral data of the complexes not given in Table 9, are 
tabulated in the Appendix. 
Mo(Me dtc) shows at 1015, 1001, and 975 cm three absorp­
tions of approximately equal intensity. Upon oxidation this pat­
tern simplifies to one absorption at 1001 cm with a shoulder 
at 986 cm . As the absorptions near 1000 cm consist mainly of 
a C-N-C vibration (89), this behaviour is not well understood. 
The other [Mo(R dtc) ] ' complexes do not show this phenomenon, 
except for R = Et where a complex behaviour is observed; this is 
discussed m the Appendix. 
The anion absorptions at 1110 and 624 cm in [Mo(Et dtc) ] 
¿ 4 
C10 indicate the presence of Perchlorate anions with undistorted 
T, symmetry (104). In the spectra of [М(Еі„аІс)Л CuBr„ an absorp-
d J 4 J 
tion at 326 cm can be assigned to a Cu-Br stretching vibration 
(5). The infrared spectrum of [Mo(Et dtc) ] Et dtc shows a number 
of extra absorptions that can be ascribed to the free Et dtc li-
gand. The shoulder on the C-N frequency of the complex at 1495 
cm is assigned to the v(C-N) of the anion. 
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Table I I ^ Î S . 
Haloform absorptions (гп cm ) in the infrared s p e c t r a of the 
metal(V) complexes in solution, and in the spectra of the ad-
ducts M(Et2dtc)4X-CH¥ . 
spectra in ' 
solution 
solvent CHC1 î 
solvent СНВг 2 
adduct spectra 
CHCI3 J 
СНВГ3 2 
сні3 
CHY 
1217 
1217 
1139 
1217 s 
926 w 
758 vs 
668 m 
1139 s 
690 m 
650 vs 
1058 w 
570 w 
Cl 
1246 
1244 э 
1180 
1186 w 
686 w 
651 sh 
643 m 
534 w 
1108 sh 
571 m 
435 w 
X = 
Br 
1238 
1237 3 
1173 
1249 w 
751 sh 
746 m 
658 w 
1187 w 
651 sh 
643 m 
534 w 
1108 sh 
571 m 
434 w 
I 
1230 
1230 3 
1164 
1238 w 
753 sh 
747 ш 
656 w 
1173 w 
685 vw 
651 sh 
643 m 
534 w 
1104 sh 
572 m 
434 w 
C-Η bending mode only. 
data from réf . 106. 
data for (Βιι,,Ν) X in CHCl. solution. 4 3 
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The infrared spectra of [Mo(Et dtc) ] X in chloroform or 
bromoform solution show shifts in the C-Η bending modes of the 
solvent (Table 12); solutions of (Bu,N) X in chloroform show the 
4 
same characteristics, so this effect can be attributed to hydro­
gen bonding of the anion with the solvent. The band at 668 cm 
in chloroform is found at 660 cm in the solution. Near 2900 
cm the absorption pattern depends somewhat on the anion present. 
This can be ascribed to hindrance of the C-Η stretching modes of 
the ligands by solvated anions which are associated with the com­
plexes in this solvent, and to an anion dependent shift in the 
C-Η stretching mode of the solvent. Hydrogen bonding interactions 
of chloroform with coordinated and free halide ions have been 
described earlier (105). 
Table 12 also shows that the C-Η bending mode of the halo-
form in the infrared spectra of the adducts have similar shifts 
as the spectra obtained in solution. The ligand frequencies in 
the adduct spectra were identical within experimental uncertainty. 
A hydrogen bonding interaction between the haloform and the anions 
requires that the molecule in the crystal is situated close to the 
halide ion. However, this interaction does not seem to be the 
reason for the stability of the complexes, since [Mo(Et dtc) ] 
Cl'CHCl is unstable, while the hydrogen bonding interaction is 
stronger than in the complexes with Br and I anions, as can 
be concluded from the spectra in solution. Therefore, packing 
forces must be the main cause of stability for the adducts. 
Between 4000 and 400 cm , the infrared spectra of the 
[W(Et dtc) ] X complexes are identical with those of the cor­
responding Mo compounds. 
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Descript ion of the dtt and dtn compi exes. 
The molybdenum compounds have an intense dark green colour 
both as solids and in solution. The tungsten complexes are brigh­
ter green. The compounds are stable in the solid state, but de­
compose slowly upon prolonged standing in solution. The dithio-
toluato complexes are soluble in many common organic solvents, 
like chloroform, benzene, etc., in concentrations upto ten mM at 
room temperature; the solubility of the dithionaftoato complexes 
is smaller for all solvents used. The complexes do not react with 
iodine. Addition of bromine to a chloroform solution decomposes 
the complexes and yellow oils of unidentified nature are formed. 
The complexes are non-conducting in nitrobenzene solution. A mo­
lecular weight determination by vapour pressure osmometry in 
chloroform solution yielded a value of 762 for Mo(dtt) , close to 
the calculated value of 765.03. The compounds are diamagnetic. 
For some comparable molybdenum complexes, Piovesana and Sestili 
obtained similar results (37). 
The interpretation of the infrared spectra is made in accor­
dance with previous lines of reasoning. Maltese (107) has made a 
vibrational analysis of a number of dithiobenzoato complexes and 
proposed an assignment. Apart from a number of phenyl absorptions, 
he assigned absorptions to a substituent sensitive phenyl vibra­
tion, v(C-Ph), the carbon-sulphur vibrations ν (S-C-S), ν (S-C-S), 
and 6(S-C-S), and to metal-sulphur vibrations. These assignments 
were used for the interpretation of the spectra of vanadium and 
molybdenum complexes (37,38). 
Table 13 compares the frequencies found in our complexes and 
the disulphides, used as starting compounds, with those given in 
the literature for Mo and V complexes and the free ligands. In the 
region between 4000 and 400 cm the spectra of the tungsten and 
molybdenum complexes are identical ; below 400 cm the spectra 
differ because of different M-S frequencies. 
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Table JI-Î3. 
—1 Infrared absorptions of tetrakis-Rdta complexes (in cm ) , 
compared with some literature data (27,38). 
Compound 
Mo(dtii)4 
W ( d t n ) 4 
Mo(dtt) 4 
W ( d t t ) 4 
V(dtt) 4 
Moidtb)^ 
4 
dtt-ds 2 
dtn-ds 2 
v(C-Ph) 
1229 s 
1231 s 
1275 s 
1259 ш 
1277 s 
1258 m 
1262 vs 
1265 s 
1253 s 
1239 s 
1247 s 
V
a
(CSS) 
1 
1 
1030 s 
1015 m 
1030 s 
1015 m 
1031 s 
1020 sh 
1018 s 
1053 s 
v t C S S ) 
S 
' 
1 
949 m 
949 ш 
948 s 
945 m 
852 s 
I 
(i)(CSS) 
570 m 
568 m 
554 m 
549 m 
630 v* 
665 m 
573 s 
626 s 
6(CSS) 
462 m 
461 m 
448 m 
445 m 
439 w 
453 m 
M-S 1 
358 m 
368 vw 
350 w 
370 w 
333 m 
323 m 
338 w 
332 w 
331 η 
310 ш 
308 sh 
323 s h 
309 m 
not assigned. 
2
 dtt-ds and dtn-ds are the disulphides of dithiotoluic acid 
and 2-dithionaftoic acid, respectively. 
From Table 13 it can be concluded that v(C-Ph) depends on 
the metal ion as well on the phenyl substituenta. In contrast 
with this behaviour the C-S frequencies are found in the same 
place for the complexes M(dtt) (M = V, Mo, W). In dtn compounds 
no C-S stretching vibrations could be assigned since a number 
of vibrations in the disulphide are shifted upon complex forma­
tion. We assign vibrations around 550 cm to Ü)(S-C-S) and not 
to <5(S-C-S), as the same type of vibrations is also found in this 
region in the dtc complexes. Absorptions around 450 cm are as-
signed to the bending mode of the -CS group. 
The metal-sulphur stretching frequencies are in the range 
observed for dtc complexes. Compared with these compounds, the 
vibrations are more influenced by the metal ion. 
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Descript Ion of the s ix coordinated compi exes. 
The (Bu Ν) [M(iimt) (Et dtc)] complexes are red-violet and 
red-brown for M = Mo and W, respectively. The (Bu N) fM(mnt) ] 
complexes are dark green and red-purple. The compounds are stable 
in the solid state and in solution. They are soluble in most com­
mon organic solvents. The complexes do not react with iodine and 
decompose when bromine is added to a chloroform solution. 
The results of conductivity measurements of the complexes 
in nitrobenzene solution at 25 °C are given in Table 14. Onsager 
plots of Λ VS. /c could be interpreted in terms of a 1:1 electro­
lyte for the mixed ligand complexes and a 2:1 electrolyte for 
the tris-mnt complexes. The results indicate that in solution 
2_ 
the compounds are dissociated into six coordinated [M(mnt) ] 
and [M(mnt) (Et dtc)] , respectively. The replacement of a mnt 
ligand by a more voluminous Et dtc ligand lowers the mobility 
of the complex ion. Magnetic susceptibility measurements showed 
the complexes to be diamagnetic. 
Table IIz}±. 
Conductivity data of six coordinated complexes, in nitrobenzene 
solution at 25 °C. See explanation of Table 11-5. 
Compound 
(Bu 4N) [Mo( i imt ) 2 (Et 2 dtc ) ] 
(Bu 4N) [W(innt ) 2 (Et 2 dtc)] 
( B u 4 N ) 2 [Mo(mnt)3] 
( B u 4 N ) 2 [W(mnt)3] 
Λο 
2 0 . 9 
2 2 . 1 
2 9 . 2 
2 7 . 1 
A 
exp. 
5 0 . 1 
7 2 . 0 
108 
99 
c a l e . 
6 0 . 4 
6 1 . 4 
135 
130 
λ* ' 
1 1 . 5 5 
1 1 . 5 5 
1 1 . 5 5 
1 1 . 5 5 
λ" 
9 . 3 
1 0 . 6 
17.6 
1 5 . 5 
réf. 83. 
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The infrared spectra of the complexes (Table 15) could be 
interpreted by comparison with the spectra of (Bu N) I and 
[Mo(Et dtc) ] I. The vibrations that are due to the (Bu N) ion 
will not be discussed. There is reasonable agreement between the 
reported nrnt frequencies in (Ph P) [M(mnt) ] (46) and those of 
the complexes (Bu N) [M(mnt),] . The assignment of the mnt fre-
quencies is made in agreement with the literature (79,108,109). 
Schrauzer and Mayweg (79,108) have assigned vibrations to v(C=C), 
v(C-S), v(R-C=C), and v(M-S) in a number of tris-dithiolene com-
plexes. Adams and Cornell (109) have made a detailed study on 
the infrared absorptions of dithiolene complexes including those 
with mnt. In the spectra of our compounds we could assign v(C=C), 
v(C-S), and v(M-S) vibrations. The v(R-C=C) is presumably hidden 
behind the Bu,N bands near 880 cm where it is found in the other 
4
 -1 
complexes (79,108,109). The vibration near 500 cm is assigned 
to a C-CN bending mode, as it is not found in other dithiolene 
complexes. The mnt frequencies in the mixed ligand complexes show 
no significant differences with those in the tris complexes, in-
dicating that the electronic structure of the ligands in both 
complexes is comparable. From the two absorptions between 1160 
and 1150 cm , the absorption found at 1158 cm is assigned to 
v(C-S), and the 1151 cm band to an Et dtc vibration. 
In Table 15 some infrared frequencies of the mixed ligand 
complexes that can be assigned to vibrations of diethyldithio-
carbamate are compared with the vibrations of Mo(Et dtc) and 
[Mo(Et dtc) | I. Only small differences are observed. The C-N 
frequency is closer to the value found in the Mo(V) complexes 
than to the one found in Mo(Et dtc) . This may be due to the dif-
ferences in coordination geometry, which are known to influence 
this frequency (90,99). 
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The observed absorptions below 400 cm are assigned to M-S 
vibrations. The mixed ligand complexes show bands near 355 cm 
due to coordinated dtc as in the dtc complexes the ν(M-S) is found 
in the same place. The vibration due to mnt is shifted about 17 
cm to higher frequency in the mixed ligand complexes as compared 
with the tris complexes. This parallels the decrease in the metal-
sulphur distance from 2.374 to 2.357 A in the molybdenum com­
plexes. Both phenomena indicate a somewhat stronger metal-sulphur 
bond of the mnt ligands in the mixed ligand complexes. 
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CHAPTER ITI 
VOLTAMMETRIC STUDY 
The redox reactions that can occur in our compounds have 
been investigated by means of voltanmetric measurements. After 
a short introduction about the method the results of these mea-
surements will be discussed. 
The vol tamme trie method (5,110-113). 
In a voltammetric experiment a solution containing oxidiz-
able or reducible materials is electrolyzed. In the course of 
the experiment, the potential difference between the indicator 
electrode and a reference electrode having a constant potential, 
is varied. At a certain potential a solute, or the solvent, is 
capable to exchange electrons with the electrode. The current 
increases with the changing potential until some factor, usual-
ly the mass transport to the electrode surface, reaches a limit. 
A plot of the current i versus the applied potential E for a 
classical voltammetric experiment is shown in Fig. 1. The half 
I 
'I 
::— 
4/2 
Figure III-l. A voltammetric curve. 
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wave potential E, is the place on the curve where the current 
amounts to a half of the limiting current i . E, is character-
istic of the electroactive species involved while the limiting 
current is proportional of its concentration. 
The relation between the observed E, value and the formal 
electrode potential E' is complicated. We may, however, distin­
guish between two extremes. 
a. When the mass transport to and from the electrode is much 
smaller than the reaction rate for the redox reaction: 
m< k' 
о 
(к' is the reaction rate constant at the standard electrode 
о 
potential E' (5), m is the mass transport coefficient, it is 
о 
assumed that the coefficients for the oxidized and reduced 
form are equal), 
it can be shown that 
E, = E' 
4 о 
and since 
nFE' = - Δ0 Ο = - AH 0 + ΤΔ8 0 
E, is a measure of the standard free energy difference be­
tween the oxidized and the reduced form. This is called a 
Polarographie reversible process. 
When the reaction rate for the redox reaction k' is much 
о 
smaller than the mass transport m, then 
RT m 
Ει = E' + —— —ï-b-TT 
i o n(l-a)F к' 
о 
Here α is the transfer coefficient (0<α<1). 
A complicated relation exists between the observed E, value, 
о * 
the free energy AG (= nFE'), and the free energy of activa­
tion ΔΟ* (= RTln k' ). 
о 
nFE, = - Δ0 Ο + (l-a)~1AG'*í + nRT(l-a)~ In m 
and the process is called irreversible. 
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When the reaction rate and the mass transport are of comparable 
о =^  
magnitude, no simple relationship between E,, AG , and AG , can 
be obtained. 
Reversible and irreversible processes can be distinguished 
in several ways. The most convincing proof for a reversible pro­
cess is that the two E, values obtained for the oxidation of the 
reduced form and the reduction of the oxidized form are equal. 
A less convincing criterion lies in the slope of the curve that 
is obtained when In i(i -i) is plotted against the applied 
potential E. For a reversible wave this slope equals RT/nF, 
which is 59 mV for a one electron process studied at 25 C. 
For an irreversible wave this slope equals RT/nF(l-a). This cri­
terion can be applied more easily by the determination of Ε,-Ε, 
(the potential values at ì and i of the height of the wave), 
-1 о 
which equals RT(nF) In 9, = 56 mV at 25 С for a reversible 
wave. 
The redox reaction itself is very complicated. The simplest 
processes comprise diffusion of the compound to the electrode 
surface, structure and energy changes of the compound and its 
solvent cage before and after the (adiabatic) electron transfer 
occurs, and diffusion of the reaction product to the bulk of the 
solvent. So, in the free energy differences^between the oxidized 
and reduced forms we can distinguish a term that is due to the 
difference in the electronic energy, and a term due to a dif­
ference in solvation energy. 
AG 0 = AG° , + AG 0 , 
electr. solv. 
In our compounds, the metal ion is coordinated by three or 
four bidentate ligands. It is improbable that the electron in­
volved in the redox process is transferred directly from a metal 
orbital. Probably the electron transfer takes place via the π-
elecrronic system of a ligand because the π-system is bonded to 
46 
the v a l e n c e o r b i t a l d . For complexes M(R„dtc)_ (M = Mn, F e ) , 
xy 2 3 
Golding and Lehtonen (114) have found a r e l a t i o n s h i p between the 
NCH proton h y p e r f i n e c o u p l i n g c o n s t a n t ( t h a t i s r e l a t e d t o the 
e l e c t r o n d e n s i t y on the n i t r o g e n atom) and the E, v a l u e s from 
which they conclude t h a t the e l e c t r o n t r a n s f e r o c c u r s v i a the 
n i t r o g e n atom. I t i s probable t h a t t h i s c o n c l u s i o n ho lds a l s o 
for the compounds d i s c u s s e d i n t h i s t h e s i s . 
T e t r a k i s - d t с c o m p l e x e s : t h e s u b s t i t u e n t e f f e c t • 
The r e s u l t s of our v o l t a m m e t n c exper iments i n d i c h l o r o -
methane s o l u t i o n at room temperature are g i v e n in Table 1. Three 
waves were observed for t h e complexes [Mo(R d t c ) ] ' : 
E0/1 
[Mo(R d t c ) .] " ^ [Mo(R d t c ) ] 0 — ^ - [ M o ( R d t c ) ] + 1 »[Mo(R d t c ) .] 
¿ 4
 pO/-l ¿ 4 ¿ 4 і
Л
 ¿ 4 
[Mo(R 2 dtc ) 4 ]" ^ - L - [ M o ( R 2 d t c ) 4 ] 0^ [ M o ( R 2 d t c ) 4 ] + — ^ [Mo(R2dtc)4] 
Eif 
irrev. rev. ігге . 
No significant differences in E, values were observed when 
Mo(R dtc) or [Mo(R dtc) ] X were used as starting compounds, 
except for anion waves at +0.27 and +0.79 V for I and Br , 
respectively. So, E1/0 = Й1, and the related electron transfer is 
reversible. The E,-E, values for this reaction in dichlorome-
thane solution are also in agreement with the reversibility 
criterion in this solvent, E,-E,<70 mV (5). The position of 
this wave for Mo(Et dtc) is in agreement with the value repor­
ted by Rowbottom and Wilkinson (17). For all three waves, the 
i /с values are almost equal and E1/'and E*!_1 are also considered 
as one electron processes. The last mentioned waves are not re­
versible on the basis of the Ε,-Ε, criterion. 
4 4 
For the t u n g s t e n compounds two waves were observed: 
[W(R 2 dtc) 4 ] 0< ä - [ W ( R 2 d t c ) 4 ] + — S - 4 W ( R 2 d t c ) , i * 2 
Table III-¿. 
E, values (in V) for the tetrakis R^dto complexes. 
R 2 
M e 2 
E t 7 , 
i - P r a 
Tm 
Pm 
MeBz 
В 2
Й 
P h 2 
mo 
CO 
F 0 / - l 
E i 
- 1 . 1 4 
- 1 . 2 2 
- 1 . 1 4 
- 1 . 1 4 
- 1 . 2 1 
- 1 . 1 3 
- 1 . 1 5 
- 1 . 1 5 
l y b d e n u n 
mpounds 
Fo/i 
E l 
- 0 . 4 4 
- 0 . 5 0 
- 0 . 5 8 
- 0 . 4 4 
- 0 . 5 1 
- 0 . 3 8 
- 0 . 3 2 
- 0 . 2 8 
1 
Eè 
+ 1 . 2 1 
+ 1 . 1 6 
+ 1 . 1 0 
+ 1 . 1 1 
+ 1 . 1 6 
+ 1 . 2 4 
+ 1 . 2 6 
+ 1 . 2 8 
t u n g s t e n 
c o m p o u n d s 
r 0 / l „1/2 E i E è 
- 0 . 7 1 
- 0 . 7 3 
- 0 . 8 1 
- 0 . 7 3 
- 0 . 7 6 
- 0 . 5 7 
- 0 . 5 0 
+ 0 . 8 4 
+ 0 . 8 1 
+ 0 . 7 4 
+ 0 . 8 1 
+ 0 . 7 3 
1 
+ 1 . 2 6 
[α* 
0 . 0 
- 0 . 8 0 
- 1 . 5 2 
+ 0 . 8 6 
+ 1 . 7 2 
+ 4 . 8 0 
not observed. 
On the basis of the Ε-,-Ε, criterion, the reduction wave is rever-
sible, whereas the oxidation wave is not. A second reduction wave 
due to the process (0-^-1) is not found presumably due to its 
location at a potential lower than -1.4 V. 
Normally, for a reversible wave only slight structural 
changes are involved. For the electrode processes (0 ,.+1) the 
structure of the two compounds differ with respect to the orien­
tation of their ligands, the coordination polyhedra closely re­
flect each other. The reversibility of the electrode process 
indicates that the activation energy for ligand reorientation 
is small, in agreement with the theory of Kepert (section II. 2). 
Figures 2 and 3 show plots о f É0/ ' and E1'2 against E0,". The 
figures indicate that the substituent influence on E'Y' and E1/2 Jè Ji 
is similar but the influence on E, 
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is different. The substi-
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Figure III-2. A plot of Ei' - 1 
and E1/2 versus E0/' for the 
о + 
Mo(Et dio) . ' complexes. 
-09 -OB -07 -06 -05 -04 
E'/, in V 
Figure II 1-2. A plot of EV2 
versus tfÇfor the W(Et2dto) 
complexes. 
tuent effect in E1/2 is smaller than in E?/1: for Mo, the slope is 
0.58, and for W 0.96. 
The influence of substituents on equilibria and reaction 
rates is well known from organic chemistry (115) and described, 
for instance, by the Hammett relationship. Substituent effects, 
also extensively studied in organic polarography (116), in gene-
ral are divided into (115,116): 
- a steric effect S; 
- a mesomeric or resonance effect Μ , operating between the sub­
stituent and the electroactive group via the π-electron system 
of an unsaturated compound; 
- a polar effect Ρ which includes all other effects: the induc­
tive effect working through the σ bonds, the field effect (the 
coulomb interaction between the charges in the molecule), and 
mesomeric effects excluding conjugation between the substituent 
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Figure III-4. A plot of the observed E, values against the sum 
of Taft substituent constants. 
R and the electroactive group but influencing this group only 
via the σ bonds. 
So we may write (116) 
E è Ρ + M + s ir 
and each of these effects may be written as the product of a 
reaction constant ρ and a substituent constant σ. 
+ 
For the polar effect P, substituent constants σ have been 
defined by Taft (115). In Fig. 4 the observed E, values are 
plotted against Σσ . As no estimates are known for the Taft con-
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stants of the tetramethylene and pentamethylene substituents, 
the E, values for complexes with Tmdtc and Pmdtc ligands are 
not included. From the remaining values, only the E, values for 
the Ph dtc complexes do not fit a straight line for the (0->-l) 
and (l->-2) processes. 
The variation of E, values with Taft constants has been 
noted earlier for both inorganic (117,118) and organic (116) 
compounds. For various type of complexes we have calculated the 
reaction constant ρ from a plot of E, against Σσ , and the va­
lue ρ = p/n where η is the number of substituents. The results 
are shown in Table 2. As ρ is positive, electron releasing Sub­
stituents like the alkyl groups make the oxidation easier and 
viae versa. In complexes ρ is smaller than in organic compounds, 
where values upto 1.0 have been reported (116), indicating a 
smaller effect of substituent change on Ε,. It is interesting 
to note that in general ρ is smaller than 0.01 for eight co-
R 
ordinated compounds, between 0.01 and 0.02 for six coordinated 
compounds, and larger than 0.02 for four coordinated compounds. 
This suggests that the substituent effect is influenced by the 
coordination geometry or by the number of substituents present. 
For organic compounds it has also been reported that ρ for one 
type of substituent depends on the presence of other substi­
tuents (116). 
Several compounds mentioned in Table 2 contain phenyl sub­
stituents. The phenyl substituted members of the compounds 
Cr(acac) , Co(Rbi) , and the bis- and tris-dithiolene complexes 
show no deviation from the curve of E, against Σσ obtained for 
the other members. Such a deviation is observed, however, for 
all dithiocarbamato complexes, and may be caused by a mesomenc 
effect that is not included in the Taft constant. Organic phe-
nyl-substituted compounds also occasionally deviate from the 
value expected on the basis of the Taft constant (116). 
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Table 1X1-2. 
A comparison of the substituent influenae in several complexes. 
pis the slope of the curve of E, vs. Σα ; p_ - p/n, in which η 
is the number of substituents. 
Compound 
M o ( R 2 d t c ) 4 
M o ( R 2 d t c ) 4 
W(R 2 dtc ) 4 
W(H 2 dtc ) 4 
C r ( R 2 a c a c ) 3 ' 
Mn(R 2 dtc ) 3 
M n ( R 2 d t c ) 3 
M 0 ( S 2 C 2 R 2 > 3 
M o < S 2 C 2 R 2 > 3 
W < S
a
C 2 R
a
) 3 
W ( S 2 C 2 R 2 > 3 
A u ( R 2 d t c ) 2 
Co(Rbi)„ 2 2 
N Ì ( S 2 C 2 R 2 > 3 
"
iiS2W3 
Pd(S2C2R2h 
PdiS2C2R2h 
p r o c e s s 
0 ^ + 1 
+l->-+2 
0->-+l 
+1-»ч-2 
0->·-1 
o->--i 
О-»-+1 
0 ^ - 1 
- H - - 2 
0->--1 
-1-І--2 
+1-> 0 
+l-y 0 
0 ^ - 1 
-l->--2 
o-y-i 
- l - > - 2 
Ρ 
0 . 0 8 0 
0 . 0 5 0 
0 . 0 6 4 
0 . 0 6 3 
0 . 1 3 1 
0 . 1 0 5 
0 .087 
0 . 0 8 3 
0 . 0 8 1 
0 . 0 7 6 
0 .070 
0 . 1 2 9 
0 . 0 4 9 
0 . 0 8 9 
0 . 1 0 1 
0 . 0 8 3 
0 . 0 8 9 
P R 
0 . 0 1 0 
0 . 0 0 6 
0 . 0 0 8 
0 . 0 0 8 
0 . 0 2 2 
0 . 0 1 8 
0 . 0 1 4 
0 . 0 1 4 
0 . 0 1 4 
0 . 0 1 3 
0 . 0 1 2 
0 . 0 3 2 
0 . 0 2 5 
0 . 0 2 2 
0 . 0 2 5 
0 .021 
0 . 0 2 2 
Ref. 
t h i s work 
t h i s work 
t h i s work 
t h i s work 
1 2 3 
1 2 4 
1 2 4 
1 1 7 
1 1 7 
1 1 7 
1 1 7 
5 
1 2 2 
1 1 7 
1 1 7 
1 1 7 
117 
1 
1,5-di-R-acetylacetonato complexes. 
3-R- biuretato complexes. 
Olson et al. (117) have suggested that the substituent in­
fluences the orbital energies of the ligand and therefore the 
amount of metal and ligand character in the redox orbital. Then 
we should expect a large substituent influence in complexes where 
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the redox orbital has a high amount of ligand character, for in­
stance, in the bis-dithiolene complexes of Ni, Pd, Pt (117, 
119-121) and Au (6), and in the complexes [Au(R dtc) I (6). A 
smaller effect should be observed in the complexes [Co(Rbi) ] , 
where the redox orbital has almost exclusively metal character 
(122). This trend is not observed. Therefore, the substituent 
effect cannot be correlated with the covalency of the redox or­
bital in a simple way. This is indicated also by e.s.r. results 
2-
for complexes of the type [Cu-0 ] , where 0 denotes an oxygen 
donor ligand: for some complexes with markedly different E, 
4 
values, the covalency parameters as calculated from the e.s.r. 
spectra were found to be identical within experimental uncer­
tainty. The e.s.r. parameters of the compounds [M(R dtc) ] 
are discussed in the next chapter; however, it may be remarked 
here that no simple relation between E, and the g or A values 
seems to exist. 
The EV" and E1/2 values for the tungsten complexes are about 
0.24 and 0.36 V lower than the corresponding values for the mo­
lybdenum compounds. For dithiolene complexes M(S С R ) , the 
differences in E, for the molybdenum and tungsten complexes are 
smaller than 0.1 V for the process (-l->--2) and between 0.03 
and 0.24 V for the process (-l+O), depending on the substituent 
(43,125). It is reasonable to suppose that the extent to which 
the E, value for a redox process changes upon changing the metal 
ion in a series of closely related compounds is a measure of 
the delocalization of the electron involved in the transfer. 
This was confirmed earlier for a series of metal-porphyrin com­
plexes (126). On this basis we conclude that in the dtc com­
plexes the redox orbital is more localized on the metal than in 
the dithiolene complexes. 
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3 Redox p o t e n t i a l s f o r t h e o t h e r c o m p l e x e s . 
Table 3 shows the observed E, values for the compounds 
M(Rdta) . Two waves are observed. The oxidat ion process 
[H(Rdta)4] 0 M M ( R d t a ) 4 ] + 
is found at a potential 1 V or more higher than that for the dtc 
complexes. The reduction at -0.8 V has a limiting current about 
twice as high as that for the process (O-^+l), indicating that 
in this reaction two electrons are transferred. The related e-
lectron transfer process is 
Ε θ
Γ 9 
[M(Rdta)4l °—^[MiRdta) ] 
Both waves are irreversible on the basis of the Ε,-Ε, criterion. 
The E. values for the Mo and W compounds differ only about 0.1 
and 0.2 V, indicating that the electrons involved in the redox 
processes are more localized on the ligands than in the dtc 
complexes. 
The difference in E, values between the R.dtc and Rdta com­
plexes can be explained by the well-known electron releasing 
character of the dtc ligand, in which electron density of the 
lone pair on the nitrogen atom can be donated to the π-orbital 
system of the NCS M unit, resulting in a high charge density on 
the metal ion and a low oxidation potential. 
ТаЪ1± ІХГ-З. 
E, values (in V) of the complexes with dta Uganda. 
Mo(dttK 4 
W ( d t t ) 4 
Mo(dtn) 
WCdtnK 4 
r
0/-2 
- 0 . 8 1 
- 1 . 0 3 
- 0 . 7 5 
- 0 . 8 4 
E -
+ 0 . 6 2 
+ 0 . 5 0 
+ 0 . 7 2 
+ 0 . 6 3 
'ГК' 
1.85 
1.99 
2 . 1 6 
2 . 2 3 
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ТаЪ1е_ III-±. 
E, values (in V) of six coordinated complexes. 
[ M o ( m n t ) 3 ] 2 
[W(nint ) 3 ] 2 " 
[ M o ( m n t ) 2 ( E t 2 d t c ) ] " 
[ W ( m n t ) 2 ( E t 2 d t c ) ] " 
P-2/-3 
- 1 . 0 8 
- 1 . 2 7 
р
-і/-г 
- 1 . 0 0 
- 1 . 2 7 
„-2/-1 
+ 0 . 6 1 
+ 0 . 5 3 
„-I/O 
+ 0 . 9 2 
+ 0 . 7 6 
E i 
+ 1 . 1 6 
+ 1 . 0 3 
r ι 2-
The voltammetric results for the compounds [M(nmt) ] and 
(M(mnt) (Et.dtc)] are given in Table 4. For the tris-mnt com­
plexes three waves are observed: 
-3 Е Г " 3 -2 Е Г / " 1 Е Г / 0 
[M(mnt)3] ^ [M(mnt)3] —
l
—^[M(mnt) 3] " * )[M(mnt)3]
0 
irrev. rev. irrev. 
The measurements are in reasonable agreement with the literature 
data (46,47), taking the differences in solvent and reference 
electrode into consideration. The process (-2 + -1) is reversible 
on the basis of the Ε,-Ε, criterion. 
For the mixed ligand complexes we have observed the waves 
associated with the processes 
2 Е І " ~ 2 E 4 " D 
[M(mnt)2(Et2dtc)] " -t—* [M(mnt)2(Et2dtc)]" — — * [M(mnt)2(Et2dtc)] ' 
irrev. rev. 
In the tris-mnt complexes the effect on E, upon replacing Mo by 
W is smaller than in the mixed ligand complexes: in the latter 
complexes the redox orbitals have a higher metal character. 
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When we compare the differences in E,value between molybde-
num and tungsten complexes, we may expect increasing metal cha-
racter for the redox orbitals in the sequence: 
[M(mnt)3]2"< [M(Rdta)4]0< [M(mnt)2(Et2dtc)] " < [Md^dtOj 0* + . 
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CHAPTER IV 
D ELECTRON PROPERTIES 
AND LIGAND FIELD CALCULATIONS 
In this chapter we shall discuss those properties of the 
compounds which are determined mainly by the d electrons of the 
metal Ion: the electronic spectra in the visible and near-infra­
red region, the magnetic susceptibilities, and the e.s.r. spec­
tra. We shall interpret these data in the Ligand Field Model 
(abbreviated LF model). In the first section a short description 
of the model will be given. The remaining sections deal with the 
[M(R NCS ) ] complexes, the compounds Mo(R NCS ) and M(RCS ) , 
^ ^ 4 ^ ^ 4 л 4 
and the six coordinated complexes. 
1 The Ligand Field Model (127-129). ' 
The interpretation of the electronic and magnetic data in 
terms of the Ligand Field model used in a semi-empirical way, 
still appeals to a lot of chemists. Presumably the main reason 
for this appeal is that many experimental observations can be 
explained in terms of the variation of a few parameters, e.g., 
for an octahedron the ligand field parameter Dq, the interelec-
tronic repulsion parameter B, and the spin-orbit coupling para­
meter λ. In its simplest form, the model assumes that the energies 
of the valence electrons of the central ion are changed by the 
coulombic forces exerted by the negative charge or dipole of the 
ligands. The change in energy depends on the mean distance of the 
electron to the ligands and therefore on the spatial extension of 
The terminology is used in agreement with ref. 129. 
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the Orbitals. The number of energy levels that arise from the 
five-fold degenerate level of the d electrons in the free ion 
(assuming one electron to be present) depends on the symmetry of 
the coordination geometry. This splitting of the d orbitale causes 
the special magnetic and spectroscopic properties of transition-
metal complexes. 
It is understood nowadays that the semi-empirical value of 
the model results in part from the fact that the LF model is for­
mally equivalent to the Angular Overlap Model, a molecular orbital 
method that implicates weak covalent bonding (127,130). More ela­
borate MO methods can give results that are comparable with the 
well-known LF Tanabe-Sugano diagrams (131). 
The description of the electronic structure of a complex in 
the LF model is highly unrealistic, because the model assumes no 
mixing of metal and ligand orbitals. Covalent bonding allows that 
d electrons are partly delocalized to the liganda by the formation 
of molecular orbitals. In the LF model, this has been accounted 
for by taking a value for the parameters В and λ that is lower 
than the free ion values. For В this effect has been called the 
nephelauxetic effect. The reduction is explained in the LF model 
as an expansion of the d orbitals towards the ligands. 
For d electrons, the ligand field potential is given by 
1 
v
 = I I V r ·Υ?(Θ,Φ) 
1=2,4 m=-l 
where 
а1 21+1
 Rl+1
 Yl Ι υ · φ ) α τ κ 
Here r is the nucleus-electron distance, R the metal-ligand dis­
tance, Y a spherical harmonic depending on the angular coordinates 
(θ,φ) for the electrons or (Ο,Φ) for the ligands; p(R) is the li­
gand charge density causing the potential. 
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V has to be invariant under the symmetry operations of the 
complex. In D , V becomes 
Г,,,, ч 0 2 „0 0 4 0 4 4, 4 -4 
V < D 2 d ) = a2'r ·Υ2 + а 4 ' Г ·Υ4 + a 4 ' r ( Y4 + Y4 ) 
In the literature mostly the coordinate system of the cube 
is used for the description of the dodecahedral complexes. Then 
the ligands are located in the diagonal planes of the cube while 
the С axes are in the xz- and yz-planes. We have used a coordi­
nate system that is rotated 45° in the xy-plane (see fig. II-5). 
Now the ligands are situated in the xz- and yz-planes. This 
2 2 
change causes a change in symmetry type of the xy and χ -у Or­
bitals. The character table of the point group D that belongs 
to our coordinate system is given in Table 1. 
m After summation over the eight ligands we obtain for the a 
h02 m <.±Ц./Л- {¿)(3cOS2o4 - 1) + (3cos20B - 1)} 
RB A 
+ (35cos40D - 30cos207, + 3)} 
D D 
V 4 „ 4π Ze /315 r , R S 4 5 A 4 n 4 4 . i 
^4 - 4-9-^- /iÍ2Í Í V · 3 ΐ η 0A + S Í n 0B^ 
RB A 
In the evaluation of the matrix elements Η = <ψ Ivlf > we in-
ij i' ' J 
troduce as shorthand notation for the integral of the radial 
parts of the d functions and V the parameters Cp and Dq as defined 
by Gerloch and Slade (127). 
Cp = !<R(d)|A2|R(d)> 
Dq = !<R(d)|A4|R(d)> 
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where 
Ze2 2 
л 2 -
А 4 = 
•î 
T..2 
Eva lua t ion of 
<±2| 
г 
4 
г 
t h e 
е |±2> = 
matr ix ι 
bl R 4 
e lements 
) 5 ( 3 5 c o s ' 
now 
V 
r e s u l t s 
• 30cos 2 ( 
in 
Э
Л ' 
+ (35COS Θ - 30COS Θ
η
 + 3)} 
о 
2Cp{(^)3(3cos20/1 - 1) + (3cos
20B - 1)} 
ρ 
<±l|ev|±l> = -|Dq{(^.)5(35cos40^ - ЗОсо ^ + 3) 
4 2 ι 
+ (35соэ Θ_ - ЗОсоз Θ- + 3)} 
Ср{(^)3(Зсоз2
 4 - 1) + (Зсоз
2
 э
 - 1)} 
<0|е |0> = |Dq{(—)5(35cos40^ - 3Ocos20^ + 3) 
4 2 ι 
+ (35COS Θ - ЗОсоз 0
η
 + 3)} 
ρ 
+ 2Cp{(^)3(3cos20^ - 1) + (3cos20ß - 1)} 
<±2|еУ|Т2> = 5 D q { ( - — ) 5 - s i n 4 0 . + s i n 4 0
n
} <1> 
R 4 A " 
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Tob Ze jy-2. 
Charaotertable of the group D.-. (see text). 
D2d 
Ai 
A2 
Bl 
B2 
E 
E 
1 
1 
1 
1 
2 
2 S 4 
1 
1 
-1 
-1 
0 
C2 
1 
1 
1 
1 
-2 
2C2 
1 
-1 
1 
-1 
0 
2 d 
1 
-1 
-1 
1 
0 
R 
ζ 
ζ 
(x,У), < у 
2 2 
χ +у , 2 
ху 
2 2 
χ -у 
(xz.yz) 
In agreement with previous results of Garner and Mabbs (132). The 
energies and the eigenfunctions, expressed as the real d-functions 
(128,129), are obtained from the diagonalization of the 5x5 deter­
minant |[ Η, , - E5. .11 = 0. From this calculation it is shown that 
" ij ij " 
the fivefold degenerate d orbitals in a free ion split into four 
energy levels in a dodecahedron, with the xz and yz orbitals re­
maining degenerate. 
Garner and Mabbs (132) as well as Handle and Vûcelié (133) 
have investigated the behaviour of the energy levels for varia-
tions of the angle Θ and the ratio Нд/Я«· They show that for the 
angles and ratios in our compounds, the xy orbital is the most 
stable. 
With the formulas <1> we calculate the energy of the d or­
bitals in terms of Dq and Cp for [W(Et dtc) ] Br, Mo(dtb) , and 
Mo(Et dtc) from the parameters given in Table II-l as 
[W(Et2dtc)4] Br 
E(xy) 
E(xz,yz) 
E(z2) 
E(x*V> 
-0.269Cp-4 
0.135Cp-0 
0.296СР+0 
-0.269Cp+5 
963Dq 
296Dq 
444Dq 
lllDq 
"Mo(Et„dtc) " 
-0.441Cp-4.859Dq 
0.221Cp+1.467Dq 
0.441Cp-2.200Dq 
-0.441Cp+4.125Dq 
Mo(dtbK 4 
0.013Cp-5.089Dq 
-0.007Cp+0.360Dq 
-0.013Cp-0.540Dq 
0.013Cp+4.909Dq 
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10 0 10 
Cp/Dq 
Figure IV-1. The energy of the d orbitals versus Cp/Dq, for several 
eight coordinated complexes with D-, symmetry. 
For Mo(Et dtc) , the distortion from D öymmetry is neglected. 
In Fig. 1 the energy of the d orbitals in several complexes is 
plotted against the ratio Cp/Dq. The figure shows that in dtc com-
plexes this ratio has a stronger influence on the energies than 
in complexes with dta ligands. Furtheron we note that in the com-
2 
plexes with a d electron configuration on the metal ion, the 
energy of the e level is higher than that of the a orbital, 
while in compounds with 1 or 0 d electrons this sequence is re-
verse, as can be calculated for Ti(Et dtc) and the two V(Rdta) 
complexes from the strucure data presented in Table II-l and in 
ref. 11. 
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2 The complexes [M (H NCS„ ) ] ;_ eight coordinated d systems . 
2.1 EXPERIMENTAL DATA AND THEIR INTERPRETATION. 
The electronic spectra of the MoCV) and Ц ) complexes, ob­
tained by reflection and by transmission, are given in Table 2, 
and illustrated in Fig. 2. The absorption maxima are independent 
of the solvent (chloroform and ethanol) and the substituents on 
the nitrogen, except for diphenyldithiocarbamato compounds which 
show rather broad absorptions with different maxima, compared 
with the other complexes. This may be caused by the mesomeric 
effects between the phenyl group and NCS , which was shown to 
exist in Chapter III. In complexes containing the I ion, a 
somewhat different absorption pattern is ascribed to the extra 
absorptions from the anion. As the reflection spectra were flat 
and difficult to interpret, there is satisfactory agreement with 
the transmission spectra. This suggests that the compounds have 
the same stereochemistry both in the solid state and in solution. 
It is known that the electronic absorptions of the ligand 
take place above 28 kK (134,135). For instance, Bu N(Et dtc) 
showed absorption maxima at 36.0 and 31.6 kK though the absorp­
tion starts at about 27 kK. The high intensity of the absorp­
tions at about 35 kK in our compounds suggests an assignment to 
ligand absorptions. The other nine absorptions must then be due 
to either charge-transfer bands or d-d absorptions, assuming 
that it is possible to distinguish between these two types. 
The spectra suggest that this is possible indeed, and that the 
absorptions above 19 kK in the molybdenum compounds and 20 kK in 
the tungsten complexes are due to charge-transfer bands and 
those below these values to d-d transitions, because of the 
following arguments. 
- Firstly, there is an abrupt change in the intensity of the 
absorptions of the complexes around 20 kK. 
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UI v.kK 30 20 
[Mo(Et,dlc|J Br 
[Wijdte] J Br 
10 20 
Figure IV-2A. Electronic spectra of M(Et„dta) complexes in 
chloroform. Concentrations from left to right: 0.02 Ш, 0.1 mM3 
and 1 Ш, respectively. 
Furtheron, according to Jörgensen (136,137) the absorption 
maxima of the lowest charge-transfer band is given by the 
formula 
VCT - 30(Xlig,opt J 
in which χ 
met,opt 
is the optical electronegativity. For dtc χ 
"opt ~" "' " ''' " opt 
is 2.7 (138) and for Mo(10 and W(K) the values are around 2.0 
and 1.95 respectively (136). This results in energies of the 
first charge-transfer bands of 21.0 kK for Mo(f) and 22.5 kK 
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absorbance-
[ΜοΙΡΗ,αΙεΚ] I 
j -
_L. _l_ _i_ 
ΙΛ v.kK 10 20 16 Η 
+ 
Figure IV-2B. Electronic spectra of MfPh^dtc) . complexes in 
chloroform. Concentrations as in A. 
for W(lO. Though the formula may be incorrect to several kilo-
Kaysers (136,137,139), the absorptions at 19.1 and 21.2 kK 
may well be the first charge-transfer bands. 
Finally, the six absorptions between 20 and 30 kK can be di­
vided in two groups which show a constant frequency differen­
ce between the tungsten and molybdenum compounds : 
W: 32.6 27.9 25.2 24.6 22.4 21.2 
Mo: 29.5 25.0 22.3 21.9 20.4 19.1 
19.3 16.S 14.2 kK 
16.0 14.1 13.4 kK 
3.1 2.9 2.9 2.9 2.0 2.1 3.3 2.7 0.8 kK 
Table ¿V-2. 
Electronic spectra of the metal(V) complexes (in kK), in chloroform solution and as poixiers. 
in 
λ 
36.7 
33.0 
29.5 
25.0 
22.3 
21.9 
20.4 
19.1 
16.0 
14.1 
13.4 
[Mo(Et2dtc)4] 
solution 
sh 
sh 
sh 
sh 
sh 
sh 
ε 
3.6·io4 
2.2·IO4 
7.1·IO3 
6.1-103 
5.9· IO 3 
5.9·IO3 
2.9·IO3 
1.9·IO3 
160 
70 
40 
+ 
powder ' 
λ 
25.1 
22.5 
21.4 
20.1 
18.8 sh 
16.2 
14.1 
[Mo(Ph2dtc)4]
 + 
in solution 
λ 
37.4 sh 
33.6 sh 
28.6 sh 
23.1 
19.4 sh 
ε 
6.4-104 
5.9·IO4 
2.5·IO4 
9.6·IO3 
5.2-103 
in 
λ 
38.3 
32.6 
27.9 
25.2 
24.6 
22.4 
21.2 
19.3 
16.8 
14.2 
[W(Et2dtc)4] 
solution 
sh 
sh 
sh 
sh 
ε 
2.3·IO4 
4 
1.4Ί0 
5.7-103 
4 
1.2·10 
4 
1.1· 10 
2.7-103 
2.3-103 
460 
200 
160 
I 
+ 
powder ' 
λ 
28.4 sh 
26.0 
22.3 
21.1 
19.3 
16.6 
14.2 
[W(Ph2dtc)4]
 + 
in solution 
λ 
34.0 sh 
23.6 
17.0 sh 
14.3 
ε 
4 
4.9·10 
4 
1.4·10 
1080 
460 
powders not measured above 30 kK. 
This suggests that these absorptions in the complexes with 
different metal ions have a common origin. The positive dif-
ference between the tungsten and molybdenum absorptions is 
then in agreement with the lower energy of the tungsten Orbi-
tals compared with those of molybdenum. 
On the basis of these arguments we assign the three absorp-
tions below 19 and 20 kK in the Mo and W complexes to d-d tran-
sitions . 
The magnetic moments of the complexes at room temperature 
are close to the spin-only value of 1.73 BM for one unpaired 
electron (see Table 3). Temperature dependent magnetic suscep-
T_ábie_ j y-г . 
liagnetio moments (in BM) of several Kin^dta) X complexes, measured 
at room temperature. 
M 
Mo 
Mo 
Mo 
Mo 
Mo 
Mo 
Mo 
Mo 
Mo 
Mo 
W 
W 
R 
Me 
Me 
Me 
Me 
Et 
Et 
Et 
Et 
Et 
Et 
Et 
Et 
X 
Br 
B r3 
I 
h 
Cl 
Br 
I 
4 
CIO, 4 
Br-CHCl 
I 
Br-CHC13 
w 
1.61 
1.65 
1.58 
1.60 
1.75 
1.73 
1.68 
1.64 
1.74 
1.69 
1.59 
1.69 
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tibilities between 150 and 300 К showed for [W(Et dtc) ] Br 
that the Curie-Weiss law is followed with μ = 1.69 BM and θ = 
10 . On the basis of the g. values determined from the e.s.r. 
ISO 
spectra (see below), the expected magnetic moment is calculated 
with the formula μ = g/S(S+l) as 1.72 and 1.64 BM for the molyb­
denum and tungsten complexes, respectively. These values are 
close to the mean values of the magnetic moments. 
E.S.R. data of the complexes are presented in Table 4. The 
spectra have been obtained from powders at room temperature, 
and from chloroform/toluene (4/1) solutions both at room tem­
perature and in frozen state at -150 С The powder spectra 
show little anisotropy (see Fig. 3). As shown in Fig. 4, the 
solution spectra show a central line, due to 74.82 % Mo and 
100 gauss 
I »I 
Figure IV-3. Powder e.s.r. spectrum of Mo (Et „dtc) .Br at X-band 
frequency and room temperature. 
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[Mo(Etidtc)jBr 
Figure IV-4. E.S.R. spectra in chloroform/'toluene (4/1) solution, 
at Q-band frequency and room temperature. The arrows indicate the 
absorption centers due to hyper fine coupling (see text). 
85.60 % W without nuclear spin. This main line is flanked by 
6 or 2 satellite lines arising from hyperfine interaction with 
95 97 183 
' Mo (nat. abundance: 25.18 %, I = 5/2) and W (nat. abun-
dance: 14.40 %, I = 1/2). The spectra of the frozen solutions 
can be interpreted with the axial spin-hamiltoman 
H = g.. ßH S + g. e(H S + H S ) + Α., I S + A. (I S + I S ) 
"Il ζ ζ "Ι χ χ y y II ζ ζ i χ χ y y 
In this formula H , S , and I represent the component of the 
magnetic field Η, the electron spin S, and the nuclear spin I 
along the ρ direction. The nuclear Zeeman term and nuclear qua-
drupole interactions have been omitted because they were calcu­
lated to be negligibly small. As Fig. 5 shows, the anisotropy 
in the g values is so small that no assymmetry in the central 
line is observed. Therefore, for the molybdenum compounds we 
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Tpble_ iy-4. 
-4 -2 E.S.R. data of tke complexes (A values in 10 ' om ) . 
Compound 
[Mo(Me 2 dtc) 4 ] + 
[ M o ( E t 2 d t c ) 4 ] + 
[ M o ( i - p
r 2 d t c ) 4 l + 
[Mo(Tmdtc)4] + 
[Mo(Pmdtc) ] + 
[Mo(MeBzdtc) 4] + 
[ M o ( B z 2 d t c ) 4 ] + 
[ M o ( P h 2 d t c ) 4 ] + 
[Mo(CN)8l3" ' 
[W(Me 2 dtc) 4 ] + 
[ W ( E t 2 d t c ) 4 ] + 
[ W ( i - P r 2 d t c ) 4 ] + 
[W(Tmdtc)4] + 
[W(Pmdtc)4] + 
[ W ( B z 2 d t c ) 4 ] + 
[W(Ph 2 dtc ) 4 ] + 
[ W ( C N ) 8 ] 3 " 2 
powder 
B
a v . 
1.979 
1 .980 
1.982 
1.979 
1 .979 
1 .979 
1.981 
1.892 
1 .893 
1.896 
1.882 
1.894 
1.887 
s o l u t 
g i s o 
1.9790 
1.9794 
1.9803 
1.9784 
1.9798 
1.9794 
1.9797 
1.9803 
1.9915 
1.8894 
1.8924 
1.8959 
1.8875 
1.8915 
1.8939 
1.9002 
1.970 
LOU 
A i s o 
3 4 . 4 
3 4 . 4 
3 4 . 6 
3 4 . 7 
3 5 . 1 
3 4 . 6 
3 4 . 6 
3 4 . 2 
3 0 . 3 
5 8 . 4 
6 0 . 5 
5 9 . 7 
6 0 . 3 
6 0 . 3 
6 1 . 3 
5 6 . 8 
56 
f rozen s o l u t i o n 
gll B l 
1 .9769 1.9817 
1.9784 1.9809 
1.9981 1.9889 
1.8858 ( 1 . 8 9 7 ) 
1 .8888 ( 1 . 9 0 0 ) 
1 .986 1.964 
(-150 "C) 
A I I A i 
5 6 . 1 2 4 . 5 
5 6 . 8 2 5 . 0 
14 3 9 . 1 
9 8 . 7 ( 2 2 ) 
8 9 . 9 ( 2) 
27 67 
1
 ref. 140. 
2
 ref. 150. 
have calculated the g values as being the centre of the six 
absorptions due to the corresponding hyperfine coupling constant. 
The spectra of the tungsten compounds show hyperfine splitting 
only due to A,. ; g. was calculated with the help of the g va­
lues from the room temperature solution spectra and the formula 
g. = —(g.. + 2g. ). A. was calculated in the same way. Due to 
xso 3 I  ι l 
70 
100 gauss 
Figure IV-5. E.S.B. spectra in chiaro form/toluene (4/1) solution, 
at X-band frequency and in frozen state (-150° C). In the upper 
figure the spectrum of Mo(Et„dtc) .Br with high intesiti/; in the 
lower figure with low intensity. The arrows indicate the absorp-
tion centers due to hyperfine coupling (see text). 
this procedure, the values for the tungsten complexes are less 
reliable than those for the molybdenum compounds. 
The g and A values were not dependent on the anion, though 
with I and especially I the main absorption was broader than 
with the other anions. This is presumably caused by an unresol-
ved coupling with the iodine nucleus (I = 5/2) as the ions are 
associated in the solvent used. Table 4 shows that the nitrogen 
substituents have only a slight influence on the g and A values. 
This is also observed in Cu(R dtc) (7). No proportionality is 
observed between the g values and the Taft constant. 
As the g values of powders and solutions are almost iden-
tical we may suppose that the structure of the compounds remains 
71 
the same in solution, in agreement with the electronic spectra. 
McGarvey (140) has calculated that for a compound with dodeca-
hedral structure g.. < g. and A,, > A. as found in our compounds. 
2.2 LIGAND FIELD CALCULATIONS. 
The energy levels of the free ion are perturbed in the com-
plex by the ligand field potential V and the spin-orbit coupling 
H = Xl.s; 1 transforms like R(x,y(z) and spans the représenta-is 
tions A„ + E in D„, symmetry. So in first order the e level in 2 2d 
the complexes is split. We may now expect four d-d transitions, 
in which the unpaired electron goes from the xy orbital to the 
2 
two levels obtained from the xz,yz orbitals, to ζ , and to 
2 2 
χ -y . The correct expression for the energy of the orbitals 
results from the solution of the secular determinant 
| | < ψ l e v l f > + <ψ | н Ι Ϋ > - E 6 4 II = о 11
 i1 ' j i1 LS1 j ij" 
m 
ι s in which Ψ is a one electron spin-orbital |(m ) >, 
m, = 2,1,....-2; m = +i. The evaluation of the integrals 
1 s 
<!)( | |ч' > was given in section 1; the values for the integrals 
<Ψ |н |ψ > follow directly from the evaluation of the products 1 LS J 
m 
Xls|(m1) S>. 
By some reorganization, the 10x10 determinant blocks out 
into two identical 3x3 determinants and two identical 2x2 de­
terminants. The two types of determinants are given in Table 5. 
The diagonalization of these determinants yields the five ener­
gy levels, with the corresponding eigenfunctions. 
To calculate Dq, Cp, and λ from the observed d-d transi­
tions we used the following procedure. The determinants shown 
in Table 5 were solved for Cp/Dq values between 0 and 10, and 
λ/Dq values between 0 and 1, yielding the energy of the five 
d orbitals in terms of Dq. Now, reasonable values of Cp/Dq and 
λ/'Dq were derived from a plot of ν_/v and \'o/v1 against Cp/Dq 
and λ/Dq. Here ν , ν , and υ are the energy differences be-
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Table IV-S. 
Determinants belonging to the perturbation hamiltonian V + #.„ 
(based on the structure data of W(Et„dto) . ) . 
-0.269Cp+0.074Dq+X-E 5.037Dq 0 
5.037Dq -0.269Cp+0.074Dq-X-E λ 
Ο λ 0.135Cp-0.296Dq+èX-E 
This 3x3 determinant belongs to the functions ](2) >, |(-2) >, 
and to |(-2)">, |(2)">, |(l)+>. 
0.135Cp-0.296Dq-èX-E і/б λ 
è/б λ 0.269Cp+0.444Dq-E 
This 2x2 determinant belongs to the functions |(1) >, | (0) >, 
and |(-l)+>, |(0)">. 
tween the lowest energy level and the next three; they corres­
pond to the three observed transitions. For the molybdenum com­
pounds the spectra yield ν /v = 1 05±0.02, and ν /v = 1.19 
±0.02, for tungsten complexes ν_/v = 1.18±0.02 and ν_/v = 
1.36±0.02. Fig. 6 shows for which Cp/Dq and λ/Dq values a rea­
sonable fit is obtained. For Mo, the best fit is Cp/Dq = 0.0 
and λ/Dq = 0.16, for W Cp/Dq =0.0 and λ/Dq = 0.475. With these 
values, the determinants of Table 5, and the observed transi­
tions, we obtain for Мо(К). Dq = 2.95 kK, Cp = 0 kK, and λ = 
460 cm . The results for tungsten are: Dq = 3.38 kK, Cp = 0 
kK, and λ = 1610 cm"1. 
As Fig. 6 shows, the actual values of λ/Dq and Cp/Dq may 
deviate largely from the values used above. The calculations 
show that the assumed ratio of λ/Dq has no influence on the re­
sulting Dq value, and that the uncertainty in the λ value is 
about 100 cm . A ratio of Cp/Dq higher than 0, however, dimi­
nishes Dq. In the molybdenum compounds Cp/Dq = 1.5 yields Dq 
Cp/Dq-
Ί Ι­
Ο 75 IO 
λ/Oq 
Figure IV-в. Values of Cp/Dq and \/Dq for which the experimental 
eleatronia spectra can be fitted with the calculated transition 
energies (see text). 
= 2.6 kK, and in the tungsten compounds Cp/Dq = 3.0 yields Dq 
= 2.7 kK. So, the electronic spectra allow only rough estimates 
for the three parameters. In the rest of our discussion we shall 
use the values for Dq and λ obtained for Cp/Dq = 0.0, because 
these values give the best fit with the spectra. It should be 
noted, however, that a low Cp/Dq value is completely unexpected, 
because Cp/Dq should increase with larger bond lengths (found 
with higher coordination number), and higher metal charges (127). 
The free ion value of the spin-orbit coupling constant in 
Mo(10 is 1030 cm (141) ; in the complex λ is reduced to about 
45 % of this value. For W(V), the free ion value is not known 
exactly. Estimates are 2500 and 3000 cm (142). So the reduc­
tion of the spin-orbit coupling constant is about 50 %. 
The expressions for the wave function of the ground state 
that belong to the calculated set of parameters is (only one 
function belonging to the Kramers doublet is given): 
f* = 0.69б|(2)+> - 0.718|(-2)+> + 0.023|(1)"> 
Mo 
I"«, = 0.668| (2) > 
w 
0.74l|(-2) > + 0.075|(1) > 
74 
In terms of the real d functions they become. 
Ψ^
ο
 = 0.999|(xy)+> + 0.016i|(x2-y2)+> - 0.01б{|(yz)"> + i|(xz)">} 
Ψ* = 0.99б|(ху)+> + 0.052i|(x2-y2)+> - 0.053{|(yz)"> + i|(xz)~>} 
W 
McGarvey (140) has derived expressions for the g values In D 
symmetry with first-order perturbation theory; Van Rens (6) has 
obtained with second-order perturbation theory general expressions 
for the g values in D_. symmetry, which can be rearranged easily 
Zh 
for D„. symmetry. The wave functions for the Kramers doublet show 
2d 
that the mixing of the d Orbitals is small. Inclusion of the se­
cond order terms will have only a slight influence. With the use 
of the expressions of Van Rens and McGarvey we calculate: 
ejl.fc- 1-"! ^ 8 8 g | | i W= 1.54; 1.63 
e i f l l o=l-e4. I·»« g i i W = 1.78, 1.80 
These values show a more extensive anisotropy than the experimen­
tal values and they are far too small (see Table 4). 
Agreement between experimental and calculated e.s.r. parame­
ters may possibly be obtained by introducing a reduction of the 
angular momentum operator L by the use of an orbital reduction 
factor к (0<ks£l) (143,144). Assuming anisotropic orbital redac-
tion, with first-order perturbation theory we obtain the formulas 
(144) 
Е|| = 2.0023 - 8k||
2C/{E(x2-y2) - E(xy)} 
Bl = 2.0023 - 2^
2
ζ/{Ε(χζ,7ζ) - E(xy)} 
With the experimental g values, and the energy differences as re­
sulting from the LF calculations, these formulas yield 
k|l,Mo = 0 · 2 9 k l l , W = 0 · 4 
kl,Mo = 0 · 3 7 k l , W = 0 · 5 
Especially the values for molybdenum are very small, as normally 
к is found between 0.5 and 1.0 (143). 
We can account for the reduction of λ as found from the LF 
calculations with an isotropic orbital reduction factor k,. = 0.45 
Mo 
and к = 0.6. There is qualitative agreement between the optical 
and e.s.r. reduction factors. 
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к incorporates the effects of metal-ligand covalent bonding, 
ligand-ligand overlap, and d-p mixing of the metal orbitals when 
this is allowed by symmetry. As the spin-orbit coupling constant 
for sulphur is 382 cm (7), covalent bonding and ligand-ligand 
overlap may be responsible for deviations of the g values from 
expressions in which only the metal orbitals are considered ex­
plicitly. 
In some e.s.r. spectra of [W(CN) ] in frozen solutions 
ö 
also an almost isotropic signal can be observed (145). This was 
ascribed to structural changes in solution, resulting in a low 
symmetry and an accidental degeneracy of g,, and g. . The structure 
of the cation both in the solid state and in solution depends on 
the anion and the solvent. These structure changes can also be 
detected in the electronic spectra. Our data show no changes in 
the electronic transitions upon changing the solvent, so this 
explanation is not valid for our compounds. 
For V(Et dtc) , Bradley et dl. (24) have calculated Dq, Cp, 
and λ on the basis of a Ligand Field model from the e.s.r. para­
meters with formulas supplied by McGarvey. They obtain Dq = 2.3 
kK, Cp/Dq = 6.1, and λ = 129 cm , 52 % of the free ion value. 
The calculated energy of the first d-d transition is close to 
the experimental value. Their procedure does not work for our 
complexes because negative values of Cp were obtained. Comparing 
the Dq and λ values of the V, Mo, and W d complexes, the Dq va­
lues show a reasonable trend and the reduction of λ is always 
about 50 %. 
As conclusions we may state that the electronic spectra of 
the [M(R dtc) ] complexes can be fitted in the Ligand Field 
model with 
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- for both compounds a low Cp/Dq value; 
- Dq for ЧЦ ) (^ з.З kK) higher than for Mo(F) (^ 2.9 kK) ; 
- a spin-orbit coupling constant reduced to about 50 % of the 
free ion value, 460 cm" for Ko(V) and 1610 cm" for ViV), 
indicating a considerable degree of covalency in the compounds. 
Within this model no explanation can be given for the lack of an-
isotropy in the g values. 
2 
3 The eight coordinated d systems Mo(R NCS ) and Mo(RCS^).. 
3.1 EXPERIMENTAL DATA AND THEIR INTERPRETATION. 
The above mentioned two types of Mo(IT) compounds show very 
different types of electronic spectra. Table 6 and Figs 7 and 8 
illustrate the spectra of the dtc complexes m benzene solution 
and as powders. In view of the normal uncertainties of reflec­
tion spectra, the agreement with the transmission spectra is 
reasonable. Except for R = Ph, the nitrogen substituents have 
no influence on the spectra. Mo(Ph dtc) . is an exception like 
the corresponding Mo(f) compound. For other complexes, a depen­
dence of the observed d-d transitions on substituents has been 
observed (146) and interpreted in terms of a dependence of the 
parameters Dq, B, and С on the substituents. 
The spectra are interpreted in the same way as those of the 
metal(10 complexes. The absorption at 35.8 kK is attributed to 
ligand-ligand transitions. The six absorptions between 30 and 
17 kK are assigned to charge-transfer bands on the basis of 
their extinction coefficients and the constant differences be­
tween the absorptions of Mo(R dtc) and [Mo(R dtc) ] : 
Мо(Ю. 29.5 25.0 22.3 21.9 20.4 19.1 
Mo(iT): 29.9 25.0 22.0 20.3 18.9 17.6 
- 0.4 0.0 0.3 1.6 1.5 1.5 
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Mo(Et,dtc)i 
Figure IV-7. Eleotronio speatrum of MoiEt^dta) . in benzene solu­
tion. Concentrations from left to right: 0.02 mM, 0.2 тМ, and 1 тМ, 
resTpeotively. 
The absorptions with low intensity at 10.8 and 14.S kK must then 
be assigned to d-d transitions. 
The electronic spectra of the M(RCS ). complexes in solu­
tion (Table 7) show low energy absorptions of high intensity 
that must at least have charge-transfer character. On the basis 
of the differences in absorption maxima between the Mo and W 
complexes, no conclusions can be drawn. On the basis of the 
spectral data of the disulphides, also included in Table 7, it 
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absorbance 
Figure IV-8. Elestronio spectrum of MofPh^dtc) . in benzene solu-
tion. Concentrations from left to right: 0.02 mM, and 0.2 mM, 
respectively. 
can be concluded that intense ligand absorptions in dtt are 
located around 30 kK while in dtn these absorptions start a-
round 27 kK, in reasonable agreement with values found by 
Janssen (134) and Furlani (147). The other absorptions in the 
complexes are then assigned to charge-transfer bands. 
The high intensity of the low-energy absorptions is not 
found in other complexes with two, three, or four Rdta ligands 
(38,147,148). The spectra of several Mo(RCS ) complexes repor-
ted by Piovesana and Sestili (37), however, show the same cha-
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Table iy-6. 
Eleotronia spectra of the aomplexes MofR^dto) (in kK), in benzene. 
R: Me Et 
powders ' 
λ 
22.6 
18.6 
16.7 
13.6 
10.6 
λ 
29.0 
24.6 
20.0 
16.6 sh 
10.4 
Et 
λ 
35.β 
29.9 sh 
25.0 sh 
22.0 
20.3 sh 
18.9 
17.6 
14.5 sh 
10.8 
spectra in 
ε 
4 
4.6-10 
i.i-io4 
1.8·103 
2.4-103 
2.4-103 
2.7·103 
2.8·IO3 
480 
340 
Ph 
solution 
λ 
35.8 
31.6 sh 
24.2 sh 
19.5 sh 
17.6 sh 
16.2 
11.0 
с 
4 
5.1-10 
4 
4.1-10 
3.4-103 
2.9-IO3 
3.7-103 
3.8-IO3 
1400 
Ph 
powder ' 
λ 
24.6 
18.6 
16.4 
9.2 
powders not measured above 30 kK. 
racteristics as our compounds. So these must be a special effect 
of the complex formation between these specific ligand systems 
and the metal ions iko(IV) and W(IV) . The spectra suggest that 
the metal and ligand Orbitals in the M(HCS ) complexes are mixed 
more than in the Mo(R NCS ) complexes. 
From Table 7 and literature data (37) it can be seen that 
the spectra in solution and the powder spectra do not fully 
agree. The differences are too large to be attributed to the 
uncertainties of the results obtained by reflection spectrosco­
py; possibly structural changes take place in solution. 
The magnetic susceptibility measurements resulted in moments 
lower than 0.5 BM for the M(RCS ) complexes; the compounds are 
diamagnetic. For the Mo(H NCS ) complexes, the moments are be-
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Tc¿ble_ I К- 7. 
Electronic apectva (in UK) of Rdta complexes. 
Mo(dtt) 4 
In solution 
λ 
37 0 sh 
33 1 
29 S 
23 9 
22 В 
19 3 
13 S sh 
11 5 
ε 
3 9·IO4 
6 2·104 
5 9· IO4 
5 2·10 3 
5 3·10 3 
7 4.IO3 
9 9·10 3 
1 4·10 4 
dtt-ds ' 
λ 
31 0 
19 3 
e 
2 3·104 
ι ι·ιο
3 
powder ' 
λ 
23 0 
19 7 sh 
16 7 
14 3 sh 
W(dtt) 4 
In solution 
λ 
37 4 
33 2 
29 2 
22 7 sh 
21 β 
16 2 
12 7 sh 
10 8 
ε 
3 ο·ιο4 
5 β·10 4 
4 9·104 
6 5·103 
6 7-ΙΟ3 
8 7·103 
1 4·104 
1 9·104 
powder ' 
λ 
23 1 sh 
16 7 
13 2 
10 0 sh 
Mo(dtn)4 
In solution 
λ 
38 8 sh 
34 7 
27 3 
24 D sh 
20 5 
17 6 
14 0 sh 
12 0 
ε 
5 5·104 
3 ι·ιο4 
3 4·104 
2 4·104 
5 7·10 3 
5 2-103 
7 9·10 3 
1 0·104 
dtn-ds г 
λ 
35 8 sh 
34 3 
27 6 sh 
19 5 
ε 
1 7·10 4 
1 8·10 4 
9 3·103 
3 5·103 
powder ' 
λ 
27 9 
24 β 
19 β sh 
ie з 
13 0 
10 0 sh 
W(dtn) 4 
In solution 
A 
39 7 
34 3 eh 
27 0 
24 9 sh 
20 6 sh 
16 9 
13 4 sh 
11 4 
L 
5 6·IO4 
2 4-104 
3 4·IO4 
2 8·104 
5 7·103 
6 3·103 
1 i-io4 
1 6·104 
powder ' 
λ 
27 β 
24 2 sh 
20 4 sh 
15 7 
13 0 
9 3 sh 
powders not measured above 30 kK. 
г
 dtt-ds and dtn-ds are the disulphides of p-dithiotoluic acid and 2-dithionaftoic acid, resp. 
T_able_ іу-в. 
Magnetic susoeptibilities of the Mo(V.^dta) ., measured at roen 
temperature (\i in BM, θ in °). 
H2 
Me 2 
E t 2 
, - P ^ 
Tm 
MeBz 
P h 2 
1 0 \ 
+190.0 
-308.9 
-388.6 
-138.7 
- 43.7 
-329.5 
10
 а 
-277.0 
-371.8 
-446.6 
-330.4 
-457.8 
-574.9 
106χ 
para 
467.0 
62.9 
78.0 
208.7 
414.1 
245.4 
μ 
1.05 
0.38 
0.43 
0.70 
0.99 
0.76 
data for W(Et dtc) 
data for W(Tmdtc). 4 
"eft. 
1.0 
0.68 
2.11 
1.17 
0.98 
θ 
61 
- 9 
0 
-42 
Ref 
11 
20 
19 
13 
19 
tween 0.3 and 1.1 BM. In Table 8 χ„, xJJ, , χ , and μ of se­vi dia para 
veral complexes are given and compared with literature data. 
A temperature dependent susceptibility measurement of Mo(Et„dtc) 
between 300 and 3 К showed that this sample followed the Curie-
Welss law with μ = 0.7 BM and θ = 24°. As previously reported 
(20), another sample had μ = 0.68 BM and θ «= 61°. In the litera­
ture it is assumed that these complexes are paramagnetic species 
in which the value of the magnetic moment is strongly reduced 
from the spin-only value of 2.83 BM by spin-orbit coupling (13, 
19,20). According to Mitchell (149), for a Мо(ІУ) complex, a 
magnetic moment is expected between 2.0 and 2.5 BM. 
3.2 LIGAND FIELD CALCULATIONS. 
The use of the Ligand Field model for the interpretation 
of the electronic spectra is limited. In the solid state, 
Mo(Et dtc) has С symmetry. Using a point-charge model, the 
82 
energy of the d orbitale can be expressed in the LF parameters 
Cp and Dq, and the interelectronic repulsion parameters В and 
C. The electronic spectra do not yield enough information for 
a unique determination of these parameters. We shall use this 
model only to investigate the conditions for diamagnetic beha­
viour. Mo(PhCS ) will be used as a model compound because m 
section 1 and Fig. 1 it is shown that the energy of the d Or­
bitals in this complex are almost independent of the ratio Cp/Dq. 
The approximate energy of the Orbitals is. 
E(xy) = -5.0 Dq E(z ) = -0.6 Dq 
2 2 
E(x -y ) = +5.0 Dq E(xz,yz) = +0.3 Dq 
Starting from the strong field side we will add the effects 
of the interelectronic repulsion in two steps. In the strong 
field approximation the energy of the two electron configura­
tions is given by the sum of the energies of the one electron 
orbitals. These configurations split into a number of singlet 
and triplet states by the inclusion of the interelectronic re­
pulsion. After the construction of the corresponding wave func­
tions, using standard procedures (128,129), the energy differen­
ces, caused by the interelectronic repulsion, is given by the 
integral 'Ψ I(r )~ |ψ >, in which the orbitals Ψ and 4\ belong 
ι ij J ι j 
to the same term. The evaluation of these integrals in the 
coulomb integrals J and exchange integrals К is tabulated in 
many textbooks (128,129,150). The results are shown in Table 9. 
For a correct description of the energy levels we have to 
take into account the mixing of terms with the same symmetry un­
der the operator of the interelectronic repulsions. This results 
in secular determinants of order 4 for the A terms, order 3 
1 1 3 for the E terms, and order 2 for the Β , В , and A terms. 
The evaluation of these integrals is given in the textbooks 
mentioned above. The resulting determinants are given in Table 
10. The solutions of the determinants are the energies of the 
terms. Fig. 9 shows the results of these calculations. In this 
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Table IV-9. 
Energy levels of Mo(dtb) . in the strong field scheme, and after 
first order perturbations (see text). For triplet terms, only 
the function with S = 1 is given. 
occupat ion of 
one e l e c t r o n 
o r b i t a l e 
( х
У
) 2 
( x y ) 1 ( z 2 , 1 
(xy) ( x z . y z ) 
(zV 
( ζ ) ( x z , y z ) 
( х у ) 1 ( х 2 -
У
2 ) 1 
2 ( x z . y z ) 
. 2 , 1 . 2 2 , 1 ( ζ ) <x - у ) 
( x z , y z ) (χ -у ) 
,
 2
 2 ,2 (х -у ) 
SUB o f ' 
one e l . 
e n e r g i e s 
- 1 0 . 0 
- 5.6 
- 4 .7 
- 1.2 
- 0 . 3 
0 . 0 
0 . 6 
4 .4 
5 .3 
10 .0 
sym. 
ч 
З
в 
ч 
3
Е 
h 
Χ 
'ζ 
'ζ 
\ 
ч 
3
Е 
^ 
^ 
pertur­
bat ion 
energy 
А+4В+ЗС 
А-8В 
А +2С 
А-5В 
А+ В+2С 
А+4В+ЗС 
А+ В 
А+ЗВ+2С 
А+4В 
А+4В+2С 
А-5В 
А+ В+2С 
А+ В+2С 
А+7В+4С 
А-8В 
А +2С 
А-5В 
А+ В+2С 
А+4В+ЗС 
1 
t w o - e l e c t r o n wavefunctions 
f ι = 
Ψ 2 = 
Y 5 = 
f 6 = 
Τ 9 = 
fu = 
» I J = 
I'M = 
f i s = 
Ψι» = 
Чл = 
Ya = 
Ψο = 
i » = 
Чп = 
l'i» = 
Чу, = 
"fr = 
Тзз = 
* 3 6 = 
Чк = 
Чп = 
*« = 
| < х у ) + ( х у Г > 
¡ ( x y ) + ( z 2 ) + > 
iM\ (xy) + (z 2 )"> -
1 ( x y ) + ( x z ) + > 
| ( x y ) + ( y z ) + > 
iM | (xy) + <xz)"> -
J/2{ | (xy) + (yz)"> -
| ( z 2 ) + ( z 2 ) - > 
| ( z 2 ) + ( x z ) + > 
| ( z 2 ) + ( y z ) + > 
iM | ( z 2 ) + (xz)"> -
i / 2 { | ( z 2 ) + ( yz ) - > -
| ( х у ) + ( х 2 -
У
2 ) + > 
i / 2 { | ( x y ) + ( x 2 - y 2 ) " > 
¡ ( x z ) + ( y z ) + > 
iM | ( x z ) + (yz)"> -
4 · / 2 { | ( χ ζ ) + (χζ )"> -
4/2{ | ;xz) + (xz)"> + 
| ( z 2 ) + ( x 2 - y 2 ) + > 
iM 1 ( z 2 ) + ( x 2 - y 2 ) - > 
l ( x z ) + ( x 2 - y 2 ) + > 
| ( y z ) + ( x 2 - y 2 ) + > 
iM 1 (xz) + < x 2 - y 2 ) - > 
iM 1 (yz) + ( x 2 - y 2 ) " > 
l ( x 2 - y 2 ) + ( x 2 - y 2 ) - > 
( x y ) " ( z 2 ) + > ) 
( x y ) " ( x z ) + > } 
l ( x y ) + ( y z ) " > } 
1 ( z 2 ) - ( x z ) + > } 
| ( z 2 ) - ( y z ) + > } 
- l < x y ) - < x 2 - y V > } 
( x z ) " ( y z ) + > ( 
( y z ) + ( y z ) " > t 
(yz) + Cyz)">l 
- | ( z V ( x 2 - y V > } 
- | ( x z ) - ( x 2 - y 2 ) + > } 
- | ( x z ) " ( x 2 - y 2 ) + > } 
in Dq. 
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Déterminants belonging to the perturbation hamiltonian due to 
the intereleotronia repulsions betiùeen wave functions with the 
same symmetry classifioation, for Mo(PhCSp) . (see text). 
л 1 (Г , , ψ и , ΊΊ» . * « > 
-lODq + A+4B+3C - E 4B+C (3B+C)/2 С 
4В+С -1.2Dq + А+4В+ЗС - E (B+C)/2 4B+C 
(3B+C)/2 (В+С)/2 0.6Dq + А+7В+4С - E (ЗВ+С)/2 
С 4В+С (ЗВ+С)/2 lODq + А+4В+ЗС - E 
Ε ( Τ β . Ψ is , Y « ; * τ , Ψ ie , Y 4i ; Υ • , Υ η . 1 «. ) 
-4.7Dq + Α-5Β - Ε -З^ЗВ -3Β 
-З/ЭВ -0.3Dq + Α+Β - Ε Э/ЗВ 
-ЗВ Э^ЗВ 5.3Dq + А-5В - E 
3 
A s i m i l a r d e t e r m i n a n t a p p l i e s t h e E f u n c t i o n s Y 9-ti , Y «-л « Y тг-э» . 
3 A 2 ( Υ π , Υ π ί Υ ϊ ΐ Л и ;Υ25 . Y » ) 
Λ+4Β - E 6B 
6В 0.6Dq + А-5В 
= О 
E (f и ,ΥΗ ,Υ«) 
-4.7Dq + A+B+2C - Ε -/ЗВ 
-/ЗВ -0.3Dq + А+ЗВ+2С - E 
-ЗВ 
-/зв 
-ЗВ 
-/зв 
5.3Dq + А+В+2С - E 
A similar determinant applies the E functions Yo ,Υζζ fY«-
1B 1 (Y s , Υ Ϊ ) 
-5.6Dq + A+2C - E г^ЗВ 
2/зВ 0.6Dq + А+В+2С - E 
0.6Dq + A+B+2C - E 2/эВ 
2/ЗВ 4.4Dq + А+2С 
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Cp/Oq O 0.2S OS 07S 1.0 
B/Oq 
Figure IV-9. Energy levels versus B/Dq for Mo(PhCSp) .. 
diagram, the energies of the terms are shown against B/Dq, as­
suming C/B = 4.5. Mo(Phdta) will be diamagnetic when B<0.194Dq 
or Dq>5.2B. We may expect that in the other eight coordinated 
Mo (II7) complexes with Rdta ligands a value of the same order 
applies. When we estimate Dq as 2.5 kK (14 % less than the value 
found in [Mo(R dtc) ] ), В must be less than 490 cm" for the 
compound to be diamagnetic. This means that a reduction of В by 
28 % from the free ion value of 680 cm" (151) is sufficient. 
We may expect a higher reduction: in complexes with sulphur-
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containing ligands almost always the reductions are more than 
50 % (2,137,148,152-155). Therefore, the diamagnetism of 
Mo(RCS ) is in agreement with our calculations. For tungsten 
compounds, Dq will be higher and В smaller than for molybdenum 
complexes, and here too diamagnetism is to be expected. 
We may expect the energy level diagram of the dtc complexes 
to be similar to that shown in Fig. 9. In section 2 it is shown 
2 
that the energy differences between the xy and ζ orbitals 
amounts to 2.66Dq+0.88Cp when the distortions from D„. symmetry 
2a 
are neglected. This difference depends strongly on the ratio 
Cp/Dq. Assuming Dq to be approximately 2.5 kK, from the energy 
of the first d-d transition, 10.8 kK, we conclude that Cp/Dq<2. 
2 
For Cp = 2 Dq, the energy difference between xy and ζ is close 
to this value in Mo(PhCS ) . Then, for Mo(Et dtc) a reduction 
of В by about 30 % will be enough to obtain a diamagnetic com­
pound. On the basis of literature data (2,137,148,152-154), in 
dtc complexes a reduction by more than 50 % may be expected. 
This parallels the reduction of λ in the Ko(V) complexes by 
about 50 % of the free ion value. We do not expect that the in­
clusion of the deviations from D„ . symmetry in the Ligand Field 
2d 
potential V will alter this picture. A choice of a lower Cp/Dq 
ratio will result m a lower B/Dq ratio for the condition of 
diamagnetism, but also in a higher Dq value to match the experi­
mental data, and the required amount of reduction of В is not 
strongly influenced. So we conclude that all our eight coordina­
ted compounds must be diamagnetic. 
The magnetic susceptibilities, reported in Table 8, are in 
reasonable agreement with diamagnetism. Due to the small weight 
differences, the relative error in χ and therefore in χ is 
rather high (between 5 and 10 % ) , and the diamagnetic correc­
tions are greater than the χ values. Especially the uncertain-
Ш 
ty of у, makes the reported moments rather unreliable. J Adia 
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Our temperature dependent susceptibility measurements as 
well as those reported in the literature (13,19) show that the 
3 
Curie-Weiss law is followed. With a В ground state, the ex­
pected magnetic moment should be close to the spin-only value 
of 2.83 BM with some reduction resulting from spin-orbit inter­
actions. With a A groundstate and thermal population of the 
triplet state a simple behaviour of χ with Τ is not expected. 
We believe that the magnetic data can be explained by the pre­
sence of paramagnetic impurities m the diamagnetic compounds. 
There are several mechanisms by which paramagnetic impu­
rities may be produced. Firstly, the synthetic procedure yields 
Mo(Et dtc) and paramagnetic Mo(Et dtc) depending on the ratio 2 4 2 5 
of the reactants. The formation of a small amount of Mo(V) com­
plex may also occur with lower ratios and thiuramdisulphides 
other than Et.tds. 4 
The second way is the aerial oxidation of the complex on 
standing. In section II.3 it is mentioned that the magnetic mo­
ment of Mo(Et dtc). increases under those circumstances. We 
suppose that the paramagnetic impurities in our compounds are 
caused by the synthetic method, and that the complexes reported 
by Smith and Brown (13,19) are oxidized products. The reported 
absorption maxima of Mo(Tmdtc) and W(Et dtc) are in close 
agreement with our results for the metal(V) complexes. 
2 4 Six coordinate d compi exes, 
4.1 EXPERIMENTAL DATA AND THEIR INTERPRETATION. 
The electronic spectra of the complexes (Bu N) [M(mnt) ] 
and (Bu N) [M(mnt) (Et dtc)] are shown in Table 11 and Fig. 10. 
The reflection and transmission spectra are similar. The data 
for the tris-mnt complexes are in agreement with those reported 
previously (46,47). From the high intensities in the spectra of 
these compounds it is concluded that all absorptions have charge-
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Table IV-П. 
Eleotronia spectra of six coordinated complexes (in kK). 
[Mo(mnt)2(Et2dtc)]~ 
In solution 
λ 
39.7 sh 
37.6 sh 
34.4 
30.7 sh 
27.2 
25.6 eh 
20.5 
18.6 
14.6 
ε 
3.6· io4 
Э.2-104 
3.3· io4 
1.4· IO4 
7.1·IO3 
5.5-IO3 
6.1· io3 
5.5-IO3 
290 
powder ' 
λ 
27.5 
25.4 
21.8 
20.2 
17.2 sh 
14.8 
IW(limt)2(Et2dt 
in solution 
λ 
39.6 sh 
35.6 sh 
32.5 sh 
28.3 
24.0 
20.8 
16.7 sh 
14.2 sh 
E 
3.9·IO4 
3.1-104 
2.0·IO4 
6.8·IO3 
7.0·103 
5.2-103 
290 
100 
с)]" 
powder ' 
λ 
28.1 
24.4 
20.9 sh 
16.8 sh 
13.8 sh 
in sol 
λ 
38.5 
34.5 sh 
31.4 sh 
29.1 
25.8 
21.6 
20.3 
15.1 
[Mo(mnt)3] 
ution 
ε 
4.0·IO4 
з.о·ίο
4 
1.2-104 
4 
l.l-lO 
9.3·IO3 
2.6-103 
2.6-10 
5.4·103 
2-
powder ' 
λ 
28.7 
26.3 
21.4 
19.7 sh 
15.6 
[W(mnt)3]
 2 
in solution 
> 
39.5 sh 
37.7 
34.2 sh 
32.0 sh 
27.8 
26.5 
23.3 
20.4 
17.5 
ε 
3.9·IO4 
4.0·IO4 
4 
2.8·10 
1.9·104 
6.5·IO3 
7.5·IO3 
3.7·10 
6.4-103 
4.2-103 
-
powder ' 
λ 
27.7 
26.5 
24.0 
21.3 
17.7 
powders not measured above 30 kK. 
(Bu1N)[Mo(mnl)!(El,dlc)] 
(BuiN)[W(mnl),(£t,iHc)] 
ί,Ο vkK 20 ΊΟ 18 
Figure Il-IOA. Electronic spectra of M(rmt) „(Et^dtc) conplexes 
гп chloroform solution. Concentrations from left to right: 
0.02 mM, 0.1 ra'-í, and 1 rnt-í, respectively. 
transfer or ligand character, with the borderline presumably 
around 30 kK. A comparison of the charge-transfer bands of the 
molybdenum and tungsten complex does not show the constant dif-
ferences as observed in the tetrakis-dtc complexes. This applies 
also to the charge-transfer bands present between 30 and 18 kK 
in the mixed ligand complexes. However, low intensity absorp-
tions at 14.5 in the molybdenum complex and at 14.2 and 16.7 kK 
in the tungsten complex are assigned to d-d absorptions. All 
compounds are diamagnetic. 
4.2 LIGAND FIELD CALCULATIONS. 
For a description of the energies of the d orbitals in 
terms of the Ligand Field model, we need a five parameter model 
using the ligand field parameters Dq and Cp, the interelectro-
nic repulsion parameters В and C, and the spin-orbit coupling 
90 
Fía ure IV-1 OB. і-ропгк' spectra of М(тті) , complexes in 
chloroform solution. Ccnaenb^alions from left to right: 
0.02 тМ
л
 and 0.1 wM, respectively. 
parameter λ. The observed spectra allow no unique determination 
of these parameters; m this section we shall investigate the 
condition for diamagnetism. 
Starting with an octahedron, two types of distortions from 
pure 0. symmetry can be distinguished. An elongation or compres-h 
sion along the ζ axis results in D„. symmetry; then upon rota-
3d 
ting the upper and lower triangle, the complex has D symmetry 
until the angle Φ between the triangles becomes 0 and the tri-
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gonal prism with D symmetry is obtained. As mentioned in sec-
3h 
tion II.2, in our compounds the distortions can be described by 
a compression and a rotation. 
When we evaluate the ligand field potential V in D sym­
metry using the coordinate system shown in Fig. I1-9, we obtain 
Г,,гч . 0 2 „0 0 4 0 3 4, 3 -З
л V(D3) = a2-r .Y2 + a4.r .Y4 + a^r (Y4 + Y 4 ) 
ш 
After evaluation of the expressions for a by summation over the 
six ligands, and evaluation of the integrals <T |βν|ψ > we ob­
tain with the definitions of Dq and Cp used earlier 
<±2|eV|±2> = Y|Dq(35cos40 - 30cos20 + 3) 
2 
- 3Cp(3cos 0 - 1 ) 
< ± l | e V | ± l > = - | D q ( 3 5 c o s 4 0 - 3 0 c o s 2 0 + 3) 
+ | c p ( 3 c o s 2 0 - 1) 
<0|eV|0> = |oq(35cos40 - 30cos20 + 3) 
+ 3Cp(3cos20 - 1) 
<±2|eV| + l> = +15Dq'sin 0'соз0'8іпЗФ <2> 
The angle between the metal-ligand bond and the ζ axis describes 
the elongation/compression, the angle Φ is the rotation between 
the triangles (see Fig. II-9). It is seen immediately that the 
2 
ζ orbital is not influenced by the second type of distortion. 
For D symmetry, these matrix elements were evaluated ear­
lier by Gerloch et at. (127,156). Using other ligand field para­
meters, equivalent expressions for the energy of the d levels 
in D„. were developed by Lever and Hoi1ebone (157). Both authors 3d 
have investigated the behaviour of the energy levels in D_ 
3d 
symmetry in dependence of 0 and the ratio between the ligand 
field parameters. Their results are in qualitative agreement. 
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In an octahedron with a trigonal compression, the a le­
vel has the lowest energy when Cp is small. The energy differ­
ence between the a, and the lowest e level may amount to 1 
lg g 
Dq. For Cp/Dq>,^3( the e level has the lowest energy. The ef-
g 
feet of the distortion angle Φ is that the value of the off-
diagonal matrix elements <±2|ev|+l> is diminished gradually 
until the trigonal prism is arrived (Φ = 0 ) and the off-dia­
gonal term equals zero. Then the energy levels can be directly 
calculated from the expressions <2>. For Φ = 50 , we obtain 
E(xy, 
E(xz, 
E ( z 2 ) 
2 2 4 
χ -y ) 
yz ) 
I 
= 
= 
= 
- 0 , 
2 
-4 
.73Dq-0, 
.93Dq+0, 
.40Dq+0, 
.72Cp 
.36Cp 
.72Cp 
Similar expressions for the energy of the d orbitala in a tri­
gonal prism were derived earlier by De Jonge (158). Fig. 11 
shows the one-electron energy levels for [Mo(mnt) ] and 
[Mo(mnt)„(Et„dtc)] for idealized D_ and D_. symmetry, respecti-2 2 3 Jh 
vely. 
For [M(mnt) (Et dtc)] in idealized geometry, the energy 
2 2 2 
difference between the ζ and the xy,x -y level amounts to 
3.67Dq-1.44Cp. Still, for low values of Cp/Dq the a orbital 
2-
has the lowest energy. In the compounds [M(nint) ] the energy 
difference between the two lowest level is smaller than in the 
prism, as is shown in Fig. 11. 
Assuming D symmetry and a Cp value of 0 kK, we have cal­
culated the energy variation with Dq of all levels, using the 
same procedure as described for Mo(PhCS ) (section 3). The re­
sults are shown in Table 12 (strong field terms and results of 
first order perturbations), and Table 13 (interaction between 
terms of the same symmetry). The resulting energy level diagram 
is shown in Fig. 12. A diamagnetic ground state may be expected 
for B/Dq<0.16
>
 or, with Dq = 2 kK as a reasonable estimate 
93 
О 25 SO 75 10 
Cp/Dq 
Figure IV-11. Orbital energies versus Cp/Da for six coordi­
nated complexes in idealized geometry ( ''Ь(тгЛ) „(Et^dtc) : 
£> , ; Mo(mnt)72~: D, J. Zn S 3 
(see below), В<320 cm , 47 % of the free ion value. As dis­
cussed for the eight coordinate compounds, such large reduction 
is quite possible. 
The two first d-d transitions have energies of approximate­
ly 3 and 7 Dq, respectively, according to Fig. 12. Supposing 
that the absorption at 14.6 kK in the molybdenum complex is due 
to the second transition, we calculate Dq to be ^ 2.1 kK. Then, 
the first transition should be present at about 6 kK. This ab­
sorption is not observed, possibly because of low intensity and 
large halfwidth, because the real symmetry of the complex is 
2 2 
not far from С and the xy and χ -у Orbitals are not degone-
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Cp/Dq B/Oq 
Figure IV-12. Energy lev'Is for Mo(rmt) „(Et-dte) in idealised 
(D , ) geometry. The left side shows the energy of the strong 
field levels versus Cp/Dq, the right side show s the energy 
levels versus B/Dq (see text). 
rate. Also the spectrometer is unreliable below 10 kK. In the 
tungsten complex two low intensity bands are present at 14.2 
and 16.7 kK. This is presumably due to a spin-orbit splitting 
of the excited level in the tungsten compound. 
In the above calculations we have supposed D0, symmetry for 
3h 
the metal ion. The real symmetry of the complex is С and in 
first approximation С . The sulphur atoms of the dtc ligand are 
2 2 
closer to the χ -у and xy Orbitals than the mnt sulphur atoms, 
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occupation of one-
e l e c t r o n o r b i t a l e 
(zV 
( z ^ ^ x y . x V ) 1 
( z 2 ) 1 ( x z , y z ) 1 
2 2 4 2 ( x y , x -y ) 
2 2 , 1 , 1 ( x y . x -y ) ( x z . y z ) 
2 ( x z . y z ) 
sum o f o n e -
e l e c t r o n 
e n e r g i e s ' 
- 8 . 7 8 + 1 . 3 4 η 
- 5 . 1 2 
- 1 4 6 + 1 . 0 1 η 
- 1 . 4 6 - 1 . 3 4 η 
2 . 2 0 + l . O l n 
5 . 8 6 + 0 . 6 β η 
sym. 
h' 
h' 
h-
Ъ 
h-
4 
Э
Е " 
ч 
h-
ч 
h· 
pertur­
bat ion 
energy 
A+4B+3C 
A-8B 
A +2C 
A+ В 
A+3B+2C 
A+4B 
A+4B+4C 
A+4B+2C 
A-8B 
A-8B 
А - 2 В 
A+4B+2C 
A+4B+2C 
A-2B+2C 
A-5B 
A+7B+4C 
A+ B+2C 
two-electron wavefunctlons 
Τ ι= | < z V ( z 2 ) ~ > 
V 2= | ( z V ( X y ) + > 
T , - l<zV(x 2 -yV> 
V .' è / 2 ( | ( z 2 ) + (xy)"> - | < z V ( x y ) + > l 
V . - l / 2 ( | ( z 2 ) + ( x 2 - y 2 ) - > - | ( z 2 ) - ( x 2 - y 2 ) + > } 
4'ю= | ( z 2 ) + (xz) + > 
*a= | ( z 2 ) + (yz) + > 
4 ,6= 4/2(1 ( z 2 ) + (xz)"> - | ( z 2 ) - ( x z ) + > ( 
Чц= è / 2 ( | ( z 2 ) + (yz)"> - | ( z 2 ) " ( y z ) + > ( 
U.= | ( x y ) + ( x 2 - y 2 ) + > 
b . = à / 2 ( | ( x y ) + (xy)"> + | ( x 2 - y 2 ) + ( x 2 - y 2 ) " > } 
и
= i / 2 ( | ( x y ) + ( x y ) " > - | ( x 2 - y 2 ) + ( x 2 - y 2 ) " > J 
f 23= i / 2 ( | ( x y > + < x 2 - y V > - | ( x y ) " ( x 2 - y 2 ) + > } 
* » = è / 2 ( | ( x y ) + (xz) + > + | ( x 2 - y 2 ) + <yz)+>f 
Tn= è / 2 ( | ( x y ) + (yz) + > - | ( x 2 - y 2 ) + (xz) + >} 
,
»
,B= è / 2 ( | ( x y ) + <xz)+> - | ( x 2 - y 2 ) + (yz ) + >} 
* B = 4 / 2 ' | ( x y ) + ( y z ) + > + l ( x 2 - y 2 ) + (xz) + >} 
f 36= è ( | ( x y ) + (xz)"> - | ( x y ) ~ ( x z ) + > + l ( x 2 - y 2 ) + (yz)"> -
*v= 4 ( l ( x y ) + (yz)"> - l ( xy )~ (yz ) + > - l ( x 2 - y 2 ) + (xz)"> + 
,t,3»= è ( l ( x y ) + (xz)"> - | ( x y ) ~ ( x z ) + > - | ( x 2 - y 2 ) + (yz)"> + 
4»= è ( | ( x y ) + (yz)"> - | ( x y ) ' ( y z ) + > + | ( x 2 - y 2 ) + (xz)"> + 
4W= ¡ (xz ) + (yz)+> 
, f « = è /2{ | (xz) ' , ' (xz)"> + | ( y z ) + (yz)">} 
4,44= j / 2 ( | ( x z ) + (xz)"> - | (yz) + (yz)">( 
*'45= à / 2 ( | ( X Z ) + ( yZ)"> - | ( X Z ) " ( y z ) + > } 
| ( x 2 - y 2 ) " ( y z ) + > f 
| ( x 2 - y 2 ) " ( x z ) + > f 
| ( x 2 - y 2 ) " ( y z ) + > ( 
| ( χ 2 -
ν
2 ) - ( χ ζ ) + > } 
Tpble_ iyzU. 
Déterminants belonging to the perturbation hamiltonian due to 
the inteveleaticonio repulsions between wave functions with the 
same symmetry alassifioation, for Mo(mnt)„(Et„dto) in idea-ti ¿ 
lized £>,, symmetry (see text). 
1A^ (T , Л:, л о ) 
-β 78Dq+l 34Cp + А+4В+ЭС - Ε <4Β+Γ) 2 (В+С)/2 | 
(4В+<:)/2 -1 46Dq-l 34Ср + A+4Btl(. - E 6В+2С ! 
(В+С)/2 6В+2С 5 e6Dq+0 68Ср + А+7В+4С - E' 
1
Е' (Ψ , Л « Л ·> Л « ) 
-5 12Dq + А+2С - E 2 0 В 
2/ЗВ 5 86Dq+0 68Ср + А+В+2С - Е| 
The E' functions Ψ π and У
σ
 do not interact with the other E* functions 
b:" (T
 16 Л и Л η Л ») 
-1 46Dq+l OlCp + A+3B+2C - E -^бВ 
-/бВ 2 20Dq+0 68Ср + А-2В+2С - E 
'Ε" (Τ,Ο Л Ч .fil Л li Л 1! Л « . w із .Vu .V и Л » .Vi« Л Tí ) 
! -1 46Dq + l OlCp + A+B - E -Sv'eB 
| -3/6B 2 20Dq+l OlCp + A-2B - E 
3A¿ (f „ Л » Л и,*« Л » Л « ) 
•1 46Dq-1.34Cp + А+4В - E -6В ' 
-6В 5 86Dq+0 68Ср + A-SB - E 
TobZe lyzJL· ( s e e Pa9e 9G> • 
Energy levels of Mo(mnt)p(Et„dieJ in idealised geometry in 
the strong field scheme, and after first order perturbations 
(see text). For triplet terms, only the function with S = 1 
is given. 
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1
 i n Dq; η = Cp/Dq. 
resulting in a higher energy for these levels and a lower ener-
2 
gy for the xz and yz orbitals. Also ζ is somewhat influenced. 
We expect that the result is a larger energy difference between 
2 2 2 
ζ and the xy and χ -y orbitals, so a diamagnetic ground state 
is still more probable than suggested by the results with the 
assumed D.. symmetry. 
Jd 
2— 
Presumably, the energy level diagram of the [M(mnt) ] com­
plexes will not differ much from the one shown in Fig. 12 for 
D_. symmetry. The energy difference between tha a, and the lo-3h 1 
west e level is smaller than for the mixed ligand complex; the 
interelectronic repulsion mixes more levels, as only A , A , and 
E symmetry designations are possible in D . We expect that the 
ground state will change from singlet to triplet at a much lower 
B/Dq value than in the mixed ligand complexes. It is known that 
Dq for mnt will be smaller than Dq for dtc (43). So a very 
strong reduction of В must be present in the tris-mnt complexes 
to explain the observed diamagnetism. The mixing of metal and 
ligand orbitals must be higher in these complexes than in the 
mixed ligand complexes. 
On the basis of the one-electron energies shown in Fig. 11, 
we might expect d-d transitions with energies of approximately 
2 and 8 Dq. For a Dq value of ^2 kK, the second transition is 
expected to be obscured by charge-transfer bands. An absorp­
tion at about 4 kK is outside the range of our spectrophoto­
meter. 
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5 Cone lus ion. 
It is shown above that the interpretation of the spectral 
data and magnetic behaviour of the compounds in terms of the 
Ligand Field model results in a consistent picture: 
- Dq for molybdenum complexes is in the range 2 to 3 kK; 
- the ratio Cp/Dq must be low; 
- the interelectronic repulsion parameter В and the spin-orbit 
coupling constant λ are strongly reduced from their free ion 
values. 
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CHAPTER V 
EXTENDED HUCKEL CALCULATIONS 
To obtain a better understanding of the properties of the 
complexes, we have performed Molecular Orbital calculations with 
the Extended Hiickel method (abbreviated as EH method) . In this 
chapter the results of these calculations are presented. After a 
discussion of the input parameters, we present the results ob-
1 2 
tained for the eight coordinated d and d systems, the six co­
ordinated complexes, and the free ligands. In the last section 
we compare several charges and electron densities calculated 
for the compounds. 
1 The Extended Hiickel method : input parameters (127,159,160). 
In the Extended Hiickel-LCAO-MO method the elements of the 
secular determinant ІІН.. - ES. Jl = 0 (H.. = <Ψ.|Η|Ψ.>, S,. = 11
 ij i j " ij ι 1 ' J ij 
<Ψ.|ψ.>, in which "f is an atomic orbital) are determined in a 
i' J 
semi-empirical way. The solutions of this determinant are the 
MO energies as eigenvalues and the LCAO expressions for the MO's 
as eigenvectors. Using the Mulliken definition, the electron 
density in the Orbitals and on the atoms, and the charges in the 
molecule are calculated. 
The results of this method are not very reliable, due to 
a great number of assumptions. As Dahl and Ballhausen stated (59): 
"A result obtained by such a theory indicates that one possibi­
lity is perhaps more likely than others.... One cannot and must 
not demand more than a predicition or perhaps a rationalisation 
from such a theory". 
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This method was used with success to explain the e.s.r. 
spectra of dtc and mnt complexes of Cu(JJ) (7), Ag(IT) and 
Au(iJ) (6), and moessbauer spectra of Fe-dtc complexes (4). 
We have made calculations on the complexes [Mo(S CNH ) ] , 
Mo(S 2CNH 2) 4, Mo(S 2CCH 3) 4 ( [Mo(S2C2(CN)2)2(S2CNH2)]", and 
[Mo(S2C2(CN)2)3]
2
~
>
 and on the ligand systems lyJCSg", (CH3)2NCS2", 
HCS,^, CH 3CS 2", C 6H 5CS 2", H ^ S ^ " , and (CN) 2C 2S 2
2 _
. To reduce 
the number of Orbitals, in all calculations with complexes of 
Et dtc , the ethyl substituents have been replaced by hydrogen 
atoms This approach was also used for Cu(Et dtc) by Keijzers 
(7), who showed that the influence of the alkyl substituents on 
the e.s.r parameters, and therefore on the description of the 
ground state, is small. We made an MO calculation of Mo(S CCH ) 
instead of Mo(S„CC„H,.).. because the computer program could con-2 6 5 4 
tain not more than 135 basis Orbitals. 
For a calculation we require as input data: 
- the interatomic distances and angles, 
- expressions for the atomic wave functions; 
- expressions for the matrix elements H and H 
11 ij 
We have used the structure data given in section 11.2. For 
[Modi dtc) ] we have used the metal-sulphur distance from the 
structure of [W(Et dtc) J Br For Mo(Medta)
л
 we have used the 2 4 4 
MoS distances and 0 angles reported for Mo(Phdta) (37) and the 
CS distances found in V(Phdta) (39). For the calculations on 
the dtc ligands we used the distances given in Table 1. The 
2 
angles were taken as 120° around an sp hybridized atom and 
о 3 
109 4 around an sp hybridized atom. All NH and CH distances 
were taken as 1.0 A, Keijzers (7) has shown that variations of 
the NH distance in Cu(H dtc) have no influence on the charge 
distribution, except on nitrogen and hydrogen. 
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T_able_ V-]_. 
Interatonie агвЬапоее (к) used in the ÌÌO calculations for 
the free ligands. 
c-s 
C-N 
C-C 
N-H 
N-C 
C-H 
H2 N C S2 
1.720 
1.344 
1.00 
Me2NCS2 
1.720 
1.344 
1.50 
1.00 
HCS2-
1.70 
1.00 
MeCS2" 
1.70 
1.50 
1.00 
PhCS2" (CN)2C2S22 
"2 C2 S2 2" 
1.70 
1.50 ' 
1.40 2 
1.00 
1.74 
1.34 
1.00 
1.74 
1.34 3 
1.40 " 
1.14 
1
 C-Ph distance. 
mean distance of C-C values In phenyl, taken from ref. 39. 
3
 SC-CS distance. 
4
 SC-CN distance. 
The С and ξ values for the Slater type orbitale 
Ψ = Z C T -e used in the calculations are given in Table 2. 
For S, C, N, and H, single exponent functions were taken from 
Clementi and Raimondi (161). For Mo, the single exponent func­
tions for the s and ρ Orbitals and the double exponent function 
for the d Orbitals were taken from Basch and Gray (162). 
In the Extended Huckel calculations the matrix elements Η 
11 
are taken as Н
л
 = α + k'q'ßj. α is the ionization potential ii i i ι 
of the electron in an orbital Ψ , q is the charge on the atom 
to which У belongs, β gives the dependance of H on q, and 
к is a correction factor for the lowering influence that the 
surrounding atoms exert on the charge dependence ( 0 < k ^ l ) . 
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Table V-2. 
Atomic parameters used in the MO aalaulations. 
Atom 
Mo 
S 
С 
Ν 
Η 
orbi­
tal 
4d 
5s 
5p 
3s 
3p 
2s 
2p 
2s 
2p 
1s 
VSIP (eV) 
а 
7.916 
6.982 
4.528 
20.668 
11.580 
21.20 
10.77 
28.02 
16.04 
13.60 
В 
13.405 
12.371 
8.054 
15.374 
12.21 
17.51 
13.88 
20.25 
14.13 
27.18 
radial function 
coeff. 
0.589865 
0.589865 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
exp. 
4.542 
1.901 
1.956 
1.921 
2.1223 
1.8273 
1.6083 
1.5679 
1.9237 
1.9170 
1.0 
ζ (cm 1 ) 
1030 
382 
28 
76 
α and β are obtained from the atomic energy levels. For С, H, 
N, and S we have taken these values from ref 163 (see Table 2). 
For Mo we calculated these data from the atomic energy levels 
given by Moore (164). The Valence State Ionization Potentials 
(VSIP) values were evaluated as the energy difference between 
5 4 
the mean energy of the 4d 5s and the 4d 5s configurations for 
5 5 
the 4d orbitals, the 4d 5s and the 4d configurations for the 
5 5 
5s orbital, and the 4d 5p and 4d configurations for the 5p or­
bitals, respectively. 
In a pilot study, к = 0.1 gave the best fit between experi­
mental and calculated g values, but the results for к = 0 were 
only slightly different. Since no iteration cycles are neces­
sary for к = 0, we used this value for the rest of the calcu­
lations in order to save computer costs. 
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The off-diagonal elements H are approximated as 
H
 л
 = èK(H + H )S . The constant К is usually taken between 
ij 11 JJ 13 
1.5 and 3.0. For our compounds we took К = 2.5 because this va­
lue is used in all other calculations on dtc complexes (4,6,7). 
By means of second-order perturbation theory, the g values 
and the anisotropic part of the molybdenum hyperfine coupling 
constantts, a , in the Ho(I') complex are calculated from 
aniso 
the MO's with a procedure given by Keijzers (7). In this proce­
dure we used the values for the spin-orbit coupling constant 
_3 
given in Table 2. The required <r > values were evaluated from 
the expressions for the molybdenum orbitals given by Basch and 
Gray (162). 
[Mo ( H dt с ) ] [_ the e . s . г . parameters . 
The 81 molecular orbitals of [Mo(H dtc) ] span the follow­
ing set of irreducible representations m D : 16A +4A +5B +16B 
¿ Q L· ¿à J. ¿t 
+2OE. Table 3 shows the representations of the metal and sulphur 
orbitals. The results of the ΈΗ calculations are shown in Table 
4 for the orbitals 37 - 57, which ray have appreciable metal co­
efficients ( >0.4). The Table shows that the xz and yz metal or­
bitals are strongly delocalized. The unpaired electron is mainly 
localized on the metal xy orbital (86 % ) . The ordering of the 
2 2 2 
xy, ζ , and χ -y orbitals is in agreement with the results of 
the Ligand Field calculations. However, no quantitative agree­
ment is obtained. MO's composed of ligand orbitals with π char­
acter are located between the orbitals having large metal con­
tributions . 
The calculated g values (Table 5) show a better agreement 
with the experimental values than the g values obtained from the 
Ligand Field calculations, although both methods overestimate 
the anisotropy. The calculated a values are three times too 
aniso 
high. As a is made up primarily from first order contribu-
aniso 
tions which are proportional to the squared coefficient of the 
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Table 7-3. 
Symmetry classification of metal and sulphur orbitale. 
D2d 
A i 
A 2 
B i 
B 2 
E 
metal 
Orbitals 
s 
ζ 
(x,У) 
2 
ζ 
xy 
2 2 
χ -y 
(xz.yz) 
sulphur ' 
Orbitals 
α, π 1 
π 2 
π 2 
σ, π 1 
σ. *
г
, тг2 
For each sulphur atom one ρ orbital can be used for 
σ-bonding with the metal ion; one sp hybrid and one 
ρ orbital can be used for π-bonding (π and π , res­
pectively) . The σ and π Orbitals are in the plane 
of the ligand; the π ρ Orbitals belong to the ir-
system of the ligands. The Table presents the irre­
ducible representations to which the linear combi­
nations of sulphur Orbitals belong. 
metal orbital in the MO of the unpaired electron, this suggests 
the electron to be more delocalized than indicated by the EH 
_3 
calculations. However, the <r > values, to which a is pro-
aniso 
portional, are obtained from rather simple functions, and this 
makes them and thus the calculated a values rather unreli-
aniso 
able. 
The results described above are not very sensitive to va­
riations of the empirical parameter k, the Mo-S distance, and 
the angle between the Mo-S bond and the ζ axis. The g values 
are influenced by the choice of К for larger K, smaller aniso-
tropy was obtained but the g values became too close to the 
free electron g value. So no agreement could be reached between 
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TpbU V-£. 
Molecular Orbitals in Mo(H dta) . 
МО 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
Symm. 
type 
8 B 2 
2 А2 
10Е 
10Е 
З А2 
9А1 
9 В 2 
Н Е 
Н Е 
12Е 
12Е 
зв1 
4В1 
13Е 
13Е 
10А1 
5В1 
14Е 
14Е 
4 А 2 
іов2 
Energy 
(е ) 
-12.18 
-12.02 
-11.43 
-11.43 
-11.43 
-10.71 
-10.66 
-10.42 
-10.42 
-10.11 
-10.11 
- 9.97 
- 6.95 
- 2.61 
- 2.61 
- 2.27 
- 2.16 
- 1.97 
- 1.97 
- 1.74 
- 1.37 
осе. 
по. 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
0 
0 
0 
0 
0 
0 
0 
0 
contr. 
Mo 
orbitals 
2 2 0.44(х -у ) 
0.21XZ 
0.21yz 
0.43z2 
0.33xz 
<-0.25yz 
0.25XZ 
•ьО.ЗЗуг 
О.ЭЗху 
0.57yz 
0.57yz 
0.90z2 
О.ЗОху 
0.63xz 
0.63yz 
2 2 0.94(x -y ) 
contribution of sulphur Orbitals 'I 
8 / 4(χζ) 
-0.38y 
-0.2βχ 
-0.37у 
0.23у 
0.33z 
-0.34z 
-0.27z 
-0.22x 
-0.26z 
-0.21y 
0.27y 
-0.41y 
0.21y 
0.22X 
-0.20x 
-0.23y 
0.22z 
+0.29X 
0.24y 
0.27y 
S^yz) 
-0.38X 
-0.37X 
-0.28y 
0.23X 
-0.33z 
-0.34z 
-0.27z 
+0.22y 
0.27x 
-0.26z 
-0.2ІХ 
0.4ІХ 
-0.22y 
-0.2ІХ 
0.20y 
0.23X 
0.24x 
0.22z 
+0.29y 
0.27Х 
S
s
(xz) 
-О.ЗЗх 
-0.27x 
0.44y 
-0.22X 
-0.28z 
-0.29z 
0.22y 
-0.25y 
О.ЗОу 
0.23y 
-0.21x 
0.25X 
-0.22y 
0.24y 
О.ЗЗх 
Sß(yz) 
-О.ЗЗу 
-0.27X 
0.44x 
0.22y 
-0.28z 
0.22Х 
-0.29z 
-0.25X 
-О.ЗОх 
0.21y 
-0.23x 
-0.25y 
0.22x 
0.24X 
О.ЗЗу 
S.(xz) means : the sulphur atom on the dodecahedral Л posi­
tion, situated in the xz plane (see Fig. II-5). 
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Table 7-5. 
/1 comparison о/ the calculated and experimental e.s.r. para-
-4 -1 + 
meters (A in 10 cm ) , for Mo(R dtc) . 
gll 
«1 
II , a n . 
A l ' 
1 , an. 
EH c a l e . 
1.926 
1.983 
6 3 . 9 ( 5 7 . 1 + 6 . 8 ) 
3 1 . 9 ( 2 8 . 5 + 3 . 4 ) 
LF 
c a l e . 
1.88 
1.94 
Exp. 
1.978 
1.981 
2 1 . 2 
1 0 . 6 
anisotropic parts of the hyperfine coupling: 
A = I A - A I , first and second order con-
an. exp. iso 
tributions are shown in parentheses. 
the experimental and calculated e.s.r. parameters. Keijzers (7) 
obtained a good agreement between the experimental and calcu­
lated e.s.r. parameters for Cu(Et dtc) . Van Rens (6), however, 
could not fit the experimental g values of some Ag(JJ) and 
Au(JJ) complexes with the results of EH calculations. Possibly 
the Extended Huckel method yields good results only for the 
first row transition metals. 
E ight coord m a t e d d comp 1 exes . 
In Mo(H NCS ) , the 81 atomic Orbitals form 41 MO's belong­
ing to the irreducible representation A, and 40 to the irreduc­
ible representation B, of С . In Table 6 the most interesting 
of them are described. The order of the d orbitale is in agree­
ment with the results of the Ligand Field calculations. The 
energy difference between the highest occupied orbital (xy), 
2 
and the lowest empty one (which has nearly equal metal ζ and 
ligand character) is 3.4 eV: the compound should be diamagnetic. 
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TobZe Ìh6_. 
Molecular orbitals in Mo(H.dtc) . 
no 
n o . 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
Symetry 
type ' 
23A(A1) 
23B(E) 
24B(E) 
24A(A1) 
25A(B1) 
26A(A1) 
25B(E) 
27A(A1) 
26B(E) 
27B(E) 
28A(A2) 
28B(E) 
29A(B2) 
Energy 
(eV) 
-10.42 
-10.18 
- 9.88 
- 9.68 
- 7.07 
- 3.67 
- 2.62 
- 2.47 
- 2.42 
- 2.11 
- 1.90 
- 1.89 
- 1.50 
2 
2 
2 
2 
2 
0 
0 
0 
0 
0 
0 
0 
0 
contr. 
of Mo 
orbi ta l s 
0.32z2 
0.35z2 
0.95xy 
0.69z2 
0.58XZ 
+0.32yz 
0.50z2 
0.67yz 
0.65ΧΖ 
0.22XZ 
-O.SOyz 
2 2 0.93(x -y ) 
contribution of sulphur orbitala J 
S 4 (xz) 
-0.29y 
-0.31z 
-0.37y 
0.32z 
-0.23z 
-0.21z 
-0.26y 
0.20z 
0.34z 
V»' 
0.23x 
0.45X 
-0.34z 
-0.34z 
0.25z 
0.3ІХ 
0.23x 
0.34z 
S f l(xz) 
-0.24y 
0.26z 
-0.21y 
0.23X 
-0.21z 
-0.26y 
S
s
(yz ) 
-О.Збх 
-0.31z 
-0.25z 
+0.25y 
0.2ІХ 
-0.22X 
-0.20y 
0.21z 
0.26x 
The presumed representations in D given in parentheses. 
2d 
See note in Table V-4; note the deviations of the atoms from 
those planes (see section II.2 and Fig. II-8). 
For a comparison with the dtc complexes some results of an 
EH calculation on Mo(H CCS ) are presented in Table 7. The 85 
orbitals transform in D„. as 16A4+5A„+6B,+16B„+21E. The order 
za i z l 2 
of the d orbitals again is in agreement with the LF calculations. 
Compared with this compound, the dtc complexes show more mixing 
of the xz and yz orbitals with ligand orbitale, but less mixing 
2 2 
of xy and χ -y . The lowest empty orbital has 98 % ligand char-
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T_äble_ 7-7. 
Molecular Orbitals in Mo(Medta) 
MO 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
Symm. 
type 
8 B2 
10E 
10E 
11E 
11E 
9 B2 
9A1 
12E 
12E 
зв1 
4 Bi 
13E 
13E 
5B1 
10A1 
4 A 2 
14E 
14E 
IOB2 
Energy 
(eV) 
-11.35 
-11.06 
-11.06 
-10.65 
-10.65 
-10.58 
-10.44 
-10.07 
-10.07 
- 9.80 
- 7.29 
- 3.49 
- 3.49 
- 3.48 
- 2.80 
- 2.77 
- 2.31 
- 2.31 
- 1.28 
occ 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
0 
0 
0 
0 
0 
0 
0 
0 
. contr. 
of Ho 
orbitale 
2 2 0.46(x -y ) 
0.46z2 
0.22ΧΖ 
-0.27yz 
0.27XZ 
+0.22yz 
0.21xy 
0.SSxy 
0.43xy 
O.BSz 
0.85XZ 
-0.25yz 
0.25XZ 
+0.85yz 
2 2 0.93(x -y ) 
contribution of 
S,(XZ> 
0.24X 
-0.24x 
0.34z 
-0.35z 
-0.33z 
0.32y 
-0.26y 
-0.39y 
0.37y 
-0.23y 
-0.23X 
О.ЗОу 
0.26z 
+0.36X 
S^yz) 
-0.24y 
-0.24y 
0.34z 
-0.35z 
0.33z 
0.26X 
0.32x 
-0.39X 
-0.37x 
-0.23x 
-0.23y 
-О.ЗОх 
0.26z 
-О.Збу 
sulphur с 
Sß(xz) 
-О.ЗЗх 
0.22x 
-0.23X 
0.38z 
-0.25X 
-0.28z 
0.23X 
-О.ЗОу 
0.25y 
0.32y 
О.Збу 
-0.27y 
0.25X 
0.28y 
-0.23x 
О.ЗЗх 
rbitals ' 
SB(yz) 
-О.ЗЗу 
-0.23y 
-0.22y 
0.38z 
+0.25y 
-0.28z 
0.23y 
-0.25X 
-О.ЗОх 
0.32X 
-О.Збх 
-0.27X 
0.25y 
-0.2βχ 
0.23X 
-О.ЗЗу 
See note in Table V-4. 
acter in Mo(Medta) , compared with 50 % and 67 % in Ho(H2dtc)4 
and [Mo(H dtc) ] , respectively. 
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Six coordinated compi exes. 
In [Mo(mnt) (H dtc)] the 91 orbitals represent in С sym­
metry 28A +21A +18B +24B MO's. All types may be involved in both 
σ and π bonding. The molecular orbitals 49 - 60 are given in 
2 
Table 8. The highest occupied MO has appreciable metal ζ char­
acter; the next orbitals, with a slightly higher energy, have 
ligand character. The metal orbital coefficients have largest 
values between 0.84 and 0.96, indicating a fair amount of mixing 
with ligand orbitals. 
2— 
The 105 orbitals of [Mo(mnt) ] represent in D 18A +17A 
+35E type MO's, which may all be involved in both σ and π bon­
ding. The MO's 56 - 80 are given in Table 9. The highest occu-
2 
pied orbital has a large contribution from ζ , and there is only 
a small energy difference between this and the lowest empty or­
bitals which have largely ligand character. The metal and ligand 
orbitals are more strongly mixed than in [Mo(rant) (H dtc)) . 
For both complexes the order of the metal orbitals agrees with 
the Ligand Field calculations. 
In calculations using К = 2.0, the order of the highest 
occupies orbital (with metal character) and the two lowest emp­
ty ones (with ligand character) is reversed for both complexes, 
compared with calculations using К = 2.5. The calculations with 
К = 2.0 does not give a good description of the ground state in 
[Mo(mnt) (H dtc)] , because in this complex d-d transitions are 
observed. 
EH calculations on 1igand sys terns. 
We made Extended Hiickel calculations for the free ligands 
to gain some understanding of the effects of 
- replacement of alkyl groups by hydrogen in the calculations 
on dtc complexes; 
- the replacement of phenyl by methyl in the calculation on 
Mo(Rdta) ; 
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- the replacement of the CN group by H in the calculations on 
dithiolene complexes. 
We shall give a short discussion of the results. 
For H dtc and Me dtc the results show a reasonable agree­
ment in the energies and descriptions of the MO's, so the re­
placement of Me by H should not have a strong influence upon 
the results obtained for the dtc complexes. The absolute ener­
gy of the first ligand absorption that should be expected on 
the basis of this calculation is far too high (59 kK instead of 
29 kK). With an LCAO-MO-SCF-CI method and the same set of basis 
functions as we have used, Nikolov and Tyutyulkov (165) were 
able to account for the lowest absorptions of R dtc . 
In HCS„~ (H = H, CH0, Ο,,Η,) the energy of the lowest empty 2 J b 5 
orbital (with π antibonding character) is very sensitive to the 
substituent. The first ligand absorption should have an energy 
of 5.0, 6.0, and 3.6 eV, respectively. This indicates that the 
results of EH calculations for Mo(RCS ) complexes depend more 
on R than for the R NCS complexes, in contrast to the elec­
tronic spectra which show intense low energy absorptions for all 
R at about the same frequency. 
2- 2-
For H С S and (CN) С S , there is a reasonable agree-
£à ¿ι ¿ ¿à ¿i ¿t 
ment in both the energy and the LCAO description of the MO's, 
except for the lowest empty orbital, where the calculations show 
an energy difference of more than 4 eV. This will influence the 
results of the calculations and therefore we did not replace 
the CN groups by H in the calculations on the six coordinated 
complexes. 
Ill 
Table У-о. 
Molecular Orbitals in Mo(nmt)0(H0dtc) . 
MO 
no 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
Syrnrn. 
type 
16A1 
ізв2 
10B 
13A2 
17A1 
14B2 
1 1 B i 
14A2 
18A1 
19A1 
15A2 
12B1 
15B2 
16A2 
20A 
1 7 A 2 
16B2 
ізв1 
17B2 
14B1 
Energy 
(eV) 
-10.97 
-10.64 
-10.54 
- 9.67 
- 6.95 
- 6.52 
- 6.27 
- 6.06 
- 5.35 
- 3.37 
- 3.36 
- 2.28 
- 2.26 
- 2.19 
- 1.35 
- 1.32 
- 0.71 
1.45 
4.98 
5.11 
occ. 
no. 
2 
2 
2 
2 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
contr. 
of Mo 
orbitals 
2 2 0.44(x -y ) 
0.32yz 
0.32xy 
0.96z2 
0.84xy 
0.86(x2-y2) 
0.26xy 
0.90yz 
0.92XZ 
contr. о 
S(nmt) 
О.ЗІу 
-0.20X 
+0.34y 
-0.21y 
-0.22y 
О.ЗІх 
f S orb. 
S(dtc) 
0.58z 
-0.25y 
0.66X 
0.48x 
0.44xy 
Table_ V-9_ (see page m). 
2-
Moleoular orbitals in Mo(mnt), 
о 
S., S«, and S are inequivalent by their position in the cartesian 
coordinate system; they are equivalent by symmetry. 
MO 
ПО . 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
Symin. 
type 
19E 
19E 
20E 
20E 
10A2 
11A1 
21E 
21E 
12A1 
22E 
22E 
13A1 
23E 
23E 
24E 
24E 
1 1 A 2 
25E 
25E 
12A2 
26E 
26E 
27E 
27E 
14A1 
Energy 
(eV) 
-11.46 
-11.46 
-10.58 
-10.58 
- 9.00 
- 7.17 
- 6.68 
- 6.68 
- 5.91 
- 5.57 
- 5.57 
- 2.56 
- 2.51 
- 2.51 
- 1.58 
- 1.58 
- 1.56 
- 0.35 
- 0.35 
- 0.33 
1.55 
1.55 
4.58 
4.58 
4.68 
occ 
no. 
2 
2 
2 
2 
2 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
[— 
contr. 
of Mo 
orbitale 
0.24yz 
0.24ΧΖ 
0.23yz 
-0.30(x -y ) 
0.23xz„ „ 2 2 
+0.30(x -y ) 
0.81z2 
0.31(x2-y2) 
О.ЗІху 
0.51z2 
0.33yz 
-0.76xy 
0.33XZ 
+0.76(x -y ) 
0.86xz„ „ 2 2 
-0.33(x -y ) 
0.86yz 
+0.ЗЗху 
:ontribution of S Orbitals ' 
si 
0.41z 
0.25z 
0.38X 
0.38X 
0.20X 
0.2ІХ 
-0.27X 
0.20s 
-0.21z 
+0.40y 
S2 
0.48z 
-0.26X 
-0.29y 
-0.2ІХ 
+0.32y 
-0.20y 
О.ЗОу 
0.24y 
0.24X 
S3 
-0.43z 
-0.23z 
0.25X 
-0.32y 
0.34y 
-0.20X 
+0.22y 
0.21z 
-О.Збу 
6 Discuss Ion of some results. 
In Table 10 the net metal charges are given. They are in 
agreement with the expectations. In the Mo(Jr/) complexes, the 
2_ 
metal ion in [Mo(iimt),] has the highest charge, in agreement 
with the structure in which the ligands are close to a diamonic 
form. The two dtc containing Mo(IK) compounds have a lower metal 
ion charge than the other two complexes due to the electron do­
nating power of dithiocarbamate. Upon oxidation of Mo(H dtc) , 
the metal charge increases by 0.9 e, indicating that the highest 
occupied MO has mainly metal character. 
Table 10 also shows the coefficients of the metal orbitals 
in the MO's having high metal character. In complexes with dtc 
ligands the highest occupied MO has more metal character than 
in the other complexes. Except for [Mo(mnt) (H dtc)] , the de­
crease of the metal coefficient in the highest occupied MO paral­
lels the decrease in the ΔΕ, value for the oxidation processes 
MoilV) ->Mo(7) and Wdf) -* W( V). 
Upon oxidation of a dtc complex, the resonance structure 
should become more important. This is indicated by a positive 
shift in the C-N frequency, caused by a delocalization of the 
pair of electrons of the nitrogen atom. Table 10 shows the char­
ges on nitrogen and the C-N overlap population in the dtc com­
plexes. The small observed differences are in agreement with the 
expectations. The overlap population in the metal-sulphur bonds, 
also shown in Table 10, show the two types of sulphur atoms for 
the eight coordinated complexes clearly. For the dtc complexes 
these differences in overlap population are not reflected in the 
infrared spectra, where the Mo-S vibrations show only small 
changes for the various compounds. 
In section II.2 we discussed the remarkable short inter-
ligand sulphur-sulphur distances in the compounds. However, the 
overlap populations in these bonds were -0.018, -0.007, and 
-0.013 e for the S.-S. distances in [Mo(H dtc) ] + , Mo(H dtc) , 
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Table V-10. 
A comparison of some results of the EH calculations 
with some experimental data. 
— π ' —'
 г
т
г
— 
H2dtc Mo(H2dtc) [Mo(mnt) (H dtc)] 
[Mo(H2dtc)4]
 +
 Mo(Medta) [Modnnt)^ 2 
metal charge ' 
metal 
orbital 
coeff. 2 
2 
ζ 
xz 
yz 
xy 
2 2 
χ -y 
Eè,Ho-Eè,W 
nitrogen ' 
charge 
CN overlap ' 
population 
v(C-N) * 
M-S2CNR2 ' A ä 
overlap ^ 5 
population 
+0.62 
0.480 
1486 
+1.95 
0.90 
0.63 
0.57 
0.63 
0.57 
0.93 
0.94 
+0.66 
0.486 
1518 
0.198 
0.248 
+ 1.05 
0.69 
0.50 
0.65 
0.58 
0.67 
0.50 
0.95 
0.93 
0.25 
+0.62 
0.473 
1493 
0.208 
0.220 
+ 1.34 
0.88 
0.85 
0.85 
0.88 
0.93 
0.11 
+1.27 
0.96 
0.92 
0.90 
0.84 
0.86 
0.16 
+0.66 
0.487 
1512 
0.244 
+1.83 
0.81 
0.51 
0.86 
0.86 
0.76 
0.76 
0.08 
in electrons. 
2
 groundstate underlined. 
1
 for the oxidation M(/T/) + M(K). 
4
 CN stretching frequency for Et dtc complexes, in cm 
5
 for A and В type sulphur atoms (Fig. II-5). 
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and Mo(Medta) , respectively. In the six coordinated complexes 
these values were -0.008 and -0.012 for all interligand sulphur-
— 2— 
sulphur distances in [Mo(mnt) (H dtc)] and [Mo(mnt) ] , res-
pectively. These values do not indicate the presence of any ap-
preciable interligand S-S bonding and the hypothesis that these 
interactions are important for the stabilization of trigonal-
prismatic complexes is not confirmed. 
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CHAPTER VI 
THE ENERGY LEVELS IN THE COMPLEXES 
In this chapter we shall discuss the results of the Llgand 
Field and Extended Hilckel calculations and compare them with the 
electronic spectra, m order to obtain a better understanding of 
the energy levels in the complexes. 
The complexes [M(R dtc) ] . 
For the [M(R dtc) ] complexes the proposed scheme is given 
in Fig. 1. The electronic and e.s r. spectra show the unpaired 
electron to be in an MO with mainly metal xy character. From the 
electronic spectra we conclude that the next three energy levels 
must have appreciable metal character, and in Chapter IV they are 
identified with the e and a metal orbitala, in which the former 
is split into two levels due to spin-orbit interactions. The ener-
2 2 
gy of χ -y , as calculated from the Ligand Field model, cannot be 
2 2 
checked because the xy •+ χ -y transition is obscured by charge-
transfer bands. 
The free ligands are known to absorb at ^ 29 kK (E Я· 60), 
4 4 
^ 36 kK (e ^ 10 ), and ^ 40 kK (ε ъ 10 ). The first absorption is 
assigned to the transition η->-π , the second to η-> σ , and the 
third to π >· π , though the latter two assignments may be reverse 
(134,135,166), Nikolov and Tyutyulkov (165) assign both intense 
absorptions to π -»• π transitions, η indicates an electron pair 
localized on sulphur. In our Extended Huckel calculation we found 
the following energy levels m H dtc . 
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MO 
пг. 
9 
10 
11 
12 
13 
14 
bondini 
type 
В ^ π 
Aj^ σ 
A 2 > π 
B 2, σ 
в,.,* 
* 
ν
 σ 
ng осе. energy Description 
пг. (eV) 
2 -12.93 delocalized on NCS 
2 -11.38 localized on sulphur 
2 -11.20 localized on sulphur 
2 -10.23 localized on sulphur 
0 - 2.88 delocalized on NCS 
0 +22.87 delocalized on NCS„ 
According to this scheme, the low energy transition corresponds 
indeed to a η >-π transition, as the highest occupied MO is al­
most fully localized on the sulphur atoms. At higher energy a 
π •+• π band must be found. Transitions involving electron transfer 
to σ are unlikely because of the high energy of this level. 
The weak η -+ σ absorption that should be found between 28 
and 30 kK is obscured by the intense charge-transfer bands; we 
shall suppose that the 36 kK absorption is the π -* π transition 
on the basis of its intensity as this type of absorptions is al­
ways strong. A third ligand absorption is not observed in our 
complexes and is probably located above 40 kK. 
The six charge-transfer bands found in the electronic spec­
tra of the complexes (section IV.2) can be assigned either to 
* 
σ ->· xy, π •xy, or xy-*-π transitions. In Mo(R dtc) , 
[Mo(R dtc) ] , and [W(R dtc) ] we find an increasing Dq value 
in this order, resulting in a lower energy for the metal xy or-
bital. The electronic spectra show the energy of the π •* π tran­
sition to remain approximately constant; it is found at 35.8, 
36.7, and 38.3 kK for UoiTV), Uo(V), and W(T/), respectively. 
The energy of the charge-transfer bands increase in this order. 
This is in agreement with the assignment of the absorptions to 
xy -+• π trans it ions . 
The π MO's in the complexes are linear combinations of the 
sulphur π Orbitals belonging to the π-system of the ligand (see 
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ElkK) 
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Figure /1-7. Proposed energy level diagrams for the tetrakis 
R,dtc romp leres. 
Table V-3). The eight sulphur π Orbitals belong to two inequi-
valent sets, those of the A and В positions. Each set transforms 
in D„. like A„ + B, + E (see Table V-3), giving rise to six le-2a 2 1 
veis, and six transitions may be expected. With group-theoreti­
cal arguments, it can be shown that transitions from В (xy) to 
Β (π ) are only vibronically allowed, so we may assign the two 
lowest charge-transfer bands with low intensities to xy •+ В tran­
sitions Possibly the two highest absorptions are the xy -* E tran­
sitions, as the E Orbitals can be made up from both α, π and 
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π sulphur orbitals resulting in more antibonding character. The 
two remaining bands with a small energy difference can be as­
signed then to transitions to the two nonbonding A levels. 
From the mean energy difference between xy and π , 24.1 kK 
for Mo(l'), and 26.8 for WC^) , and the π •* π transitions, we ob­
tain the mean energy of the π level as -13.7 kK for Mo{V) and 
-12.6 kK for ViV) with respect to xy. Taking 29 kK as the energy 
ж 
of the η •+ σ transition, the energy of this localized MO is 
-4.9 and -2.2 kK for Mo('/) and W(l'), respectively. 
According to the electronic spectra, the voltanmetric data, 
and the Extended Huckel calculations for [Mo(H dtc) ] , the un­
paired electron in the metal(F) complexes is mainly localized on 
the metal ion. Strong mixing between the metal and ligand orbi­
tals is not supposed to be present. However, we have insufficient 
data to estimate the amount of mixing. 
2 
2 The eight coordinated d compi exes. 
For Mo(R dtc) , the same line of reasoning as for the M(V) 
complexes can be used, but with even less quantitative rigour. 
The energies of the d orbitals have been estimated from the or­
bital energies given in section IV.1 (Fig. IV-1), with Dq = 2.5 
kK and Cp/Dq = 2. The six charge-transfer bands show no sign of 
additional splitting due to a lower symmetry, and possibly the 
compounds have D symmetry in solution. The energies of the σ 
and π levels are calculated as described for the metal(V) com­
plexes. The proposed scheme is shown in Figure 1. 
The Ligand Field calculations for Mo(PhCS ) show that d-d 
transitions may be expected at the energy where the electronic 
spectra show intense charge-transfer bands. The Extended Huckel 
calculations give some understanding of this observation: the 
highest occupied MO has less metal character than in the dtc 
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complexes, and the lowest empty MO has hardly any metal charac­
ter. The calculations on the ligand systems show that charge-
transfer bands should be expected at lower energy than for the 
dtc complexes. However, we have insufficient data to propose a 
reasonable enrgy level diagram for this complex. 
3 Six coord inated compi exes • 
For the six coordinated complexes we shall not try to de­
rive energy level diagrams; we merely comment on the mixing of 
the metal and ligand orbitals and the expected order of the me­
tal orbitals. To these subjects much attention was given in the 
past. From optical and e.s.r. spectra and voltammetric data it 
was concluded that in the trigonal prismatic complexes with 
highly oxidized metal ions, the metal and ligand orbitals should 
be strongly mixed. This was confirmed by MO calculations of 
Gray et al. (78), and Schrauzer et al. (79), though the two cal­
culations differ in the order of the MO's. However, recent 
2-
e.s.r. single-crystal measurements of [V(mnt) ] doped in 
,2- 3 
|Mo(mnt) J (167) showed that previous interpretations of the 
e s.r. spectra were incorrect. According to Kwik and Stiefel 
2 (167), the unpaired electron has A symmetry and the metal ζ 
orbital coefficient in this MO is 0.8. The two e levels have 
metal coefficients of 0.8 and 0.7. These results suggest some­
what less mixing of metal and ligand orbitals than the previous 
calculations (78,79) suggested. 
When the procedure used by Kwik and Stiefel is applied to 
trigonal prismatic complexes of metal ions with large spin-
orbit coupling constants, like tungsten or rhenium, a fair a-
mount of amsotropy in the g values should be observed. However, 
this is contrary to the available experimental data (78,168,169). 
So the situation is complex and no consistent explanation of the 
e.s.r. results for all trigonal prismatic complexes seems pos­
sible at present 
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For [M(mnt) (Et dtc)] , the d-d transition observed in the 
electronic spectra could be interpreted in the Ligand Field mo­
del with a Dq value of about 2 kK. The model yields energy dif-
2 2 2 
ferences of about 6 kK between ζ and the xy and χ -у Orbitals 
2 
and about 14 kK between ζ and xz and yz. A large amount of me­
tal character is supposed for the mentioned MO's, in agreement 
with the voltammetric results and the Extended Hiickel calcula­
tions. 
ι ι 2-When we use the Ligand Field model for |M(mnt)„| with a 
Dq value of about 2 kK, we expect differences of about 4 and 16 
kK between the a level and the two e levels. The electronic 
spectra are inconclusive concerning the value of this result, 
because the first transition is located at an energy too low 
to be observable and the second one, when present, is obscured 
by charge-transfer bands. 
In the trigonal prismatic d complexes Re(S C„Ph )_ and 
ReCS-C.H-CH-), the low intensity absorptions found at 8, 9, 2 6 3 J ó _ 2 
and 21 kK (78) can be due to transitions from the ζ to the 
2 2 2 
xy, χ -у level (split by spin-orbit interactions) and from ζ 
to xz, yz, respectively. However, the e.s.r. results of 
г л 2-
IV(iimt) J cannot be interpreted when energy differences of 
about 4 and 16 kK between the MO's with mainly metal character 
are used in the calculations. Possibly, the interpretation of 
the e.s.r. spectra of this type of complexes is in error due to 
neglect of the influence of spin-orbit interactions on the sul­
phur atoms. 
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CHAPTER VII 
EXPERIMENTAL PART 
Phys ical measurements. 
Micro-analyses were performed by Mr. J. Diersmann and mr. 
P.J. Koonen. Infrared spectra (KBr/CsI discs, unless stated 
otherwise) were measured using a Perkin-Elmer 257 spectrometer 
(4000 - 650 cm- ) and a Hitachi EPI-L spectrometer (650 - 200 
cm ). Electrical conductivities in nitrobenzene solutions at 
25 °C were measured with a Metrohm Konduktoskop E 365. A 
Hewlett Packard 302 В osmometer was used for the determination 
of molecular weights in chloroform solution. Voltammetric mea­
surements were obtained with a rotating platinum electrode a-
gainst a saturated calomel electrode using a Metrohm Polarecord 
E 61. The scan range was from -1.5 to +1.5 V (vs. SCE) ; the sol­
vent was dichloromethane. 
Electronic spectra were obtained on a Unicam SP 700 С spec­
trometer in chloroform and methanol solution, unless stated 
otherwise. Magnetic susceptibilities were measured by the Gouy 
method between 125 and 300 K, and with a PAR vibrating sample 
magnetometer in the department of Solid State Physics II, with 
the help of mr. C.J. Beers, between 3 and 125 K. E.S.R. spectra 
were measured on powders or chloroform/toluene (4/1) solutions 
with a Varian 4502 or an AEG spectrometer, both at the X-band 
frequency; some solution spectra were also obtained at Q-band 
frequency. The magnetic field was measured with an AEG Magnet-
feldmesser; the microwave frequency was measured with a HP 
5245 L frequency counter. Powders were measured at room tempe­
rature; solutions both at room temperature and at -150 С in 
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frozen state. Computer calculations were done on an IBM 370/155 
computer at the Computer Centre of this university. The computer 
program for the Extended Hiickel calculations was provided by dr. 
C.P. Keijzers. 
Melting points (uncorrected) were obtained with a Leitz 
Mikroskopheiztisch 350. 
Synthesi s of the compi exes. 
Most starting compounds were commercially available and 
were used without purification. Some thiuramdisulphides were 
prepared from amine, carbon disulphide, potassium hydroxide, 
and iodine in alcohol, using a well-known procedure (170). 
Bis(thio-p-toluoyl)disulphide and bis(thionaftoyl)disulphide 
were donated by mr. L. Thijs of the department of Organic Che­
mistry of this university. Na mnt was prepared as described 
in ref. 171. All syntheses were carried out in nitrogen at­
mosphere. 
MofR-dto) . complexes. 
General procedure: 25 ml of solvent was distilled from 
CaH in a nitrogen atmosphere into the reaction vessel con­
taining 3 mmol Mo(CO) and 6 mmol R tds. The'solution was re-
fluxed until the evolution of CO stopped (3 to 7 hours). On 
cooling to room temperature the crystals were isolated, dried 
in vacuum, and stored under nitrogen. Yields were 90 % or more. 
Details of the solvents used, the reaction time, the analytical 
data, colours, and melting points of the complexes are collec­
ted in Table 1. 
MtR-dtc) X complexes. 
Procedure A: 3 mmol M(C0) and 3 mmol (Bu N)X (X = Cl, Br, 
— — 6 4 
I) were heated in diglyme at 100 С until the compounds dissolved 
and the evolution of CO stopped (10 - 15 min.). The solution then 
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T_able_ V/I-l_. 
Synthetic details and analytical data for complexes Mo(R9dta) .. 
R2 
Ме^ 
Et?. 
1
-
Р г
Я 
Tm 
Pm 
MeBz 
^ ' 
П?, 
P h
2
3 
solvent 
toluene 
acetone 
acetone 
acetone 
acetone 
acetone 
toluene 
toluene 
re­
flux 
(hrs) 
7 
3 
3 
3 
3 
4 
6 
6 
colour 
purple 
red-brown 
purple 
brown 
purple 
purple 
grey 2 
grey J 
mp 
( C) 
22Ud 
137d 
156d 
192d 
220d 
159 
211d 
%C 
fnd. 
24.7 
34.9 
42.0 
36.2 
39.9 
49.2 
58. 5 
61.1 
cale. 
25.0 
34.9 
42.0 
35.3 
39.1 
49.1 
58.2 
60.5 
%H 
fnd. cale 
4.0 4.2 
5.8 5.9 
7.2 7.1 
4.9 4.7 
5.7 5.5 
4.6 4.6 
3.8 3.8 
4.1 4.0 
%N 
fnd. cale. 
9.2 9.7 
8.1 8.1 
6.9 7.0 
8.0 8.2 
7.8 7.6 
6.3 6.4 
5.1 5.2 
4.8 4.9 
only oils could be obtained. 
in benzene solution dark blue. 
benzene adduct, prepared by recrystallization from benzene. 
contained (Bu N) [M(C0) X] (51). To the hot solution 7.5 mmol 
R tds was added, resulting in a fast reaction (reaction time 
5 - 1 5 min., depending on M and R). On cooling to room tempera­
ture, the solid compound was isolated and recrystallized from 
a suitable solvent. Yield about 70 %. The (Bu N)C1 used was dehy­
drated by refluxing it with triethylorthoformate. 
Procedure B: 2 mmol Mo(R dto was dissolved in 100 ml of 
chloroform containing the required amount of Br or I . After 
3 hours diethylether was added until Mo(R dtc) X (X = Br, I, I ) 
precipitated. Recrystallization, when required, was done from a 
suitable solvent. Yields: higher than 90 %. 
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TabJ-fL Σ1!'!· 
Synthetic details and analytical data for complexes M(R-dtc) X. 
1 Molybdenum 
R 
Me 
Me 
Me 
Me 
Me 
Me 
Et 
Et 
Et 
Et 
Et 
Et 
Et 
l-Pr 
i-Pr 
Tm 
Pm 
9 
0 
Bz 
Bz 
MeBz 
X 
Br 
Вг
з 
I 
4 
h 
l7 
Cl 
Br 
I 
'з 
C u B r 2 
cio4 
Et2dtc 
Br 
I 
1 
I 
I 
citi 
4 
4 
cio4 
I 
comp 
Me­
thod 
1 
A 
В 
A 
В 
В 
В 
А 
А 
А 
В 
С 
А
3 
D 
А 
А 
В 
А 
В 
E 
В 
E 
В 
lexes 
Recryst. from" 
СНС13/СС14(1/1) 
снсі3/ссі4(і/і) 
снсі3/ссі4(і/і) 
снсі3/ссі4(і/і) 
2 
г 
acetone 
acetone 
acetone 
acetone 
CHClg/ether 
acetone 
2 
CHCl3/ether 
CHCl3/ether 
ethanol 
ethanol 
CHCl /ether 
CHCl3/ether 
CHCl3/ether 
mp 
(°C) 
200d 
220d 
200d 
220d 
150d 
130d 
191 
208 
196 
206 
124 
204 
123 
> 250 
> 250 
169d 
220 
> 250 
234 
203 
197 
-
%C 
fnd. 
21.6 
17.7 
20.5 
15.1 
12.5 
9.8 
32.9 
31.3 
29.6 
22.5 
26.3 
30.7 
36.4 
38.3 
36.5 
29.6 
33.0 
51.8 
53.2 
45.7 
55.1 
42.9 
cale. 
22.0 
17.7 
20.5 
15.1 
11.9 
9.8 
33.2 
31.2 
29.4 
22.5 
26.3 
30.5 
35.9 
38.2 
36.2 
29.7 
.33.4 
52.0 
53.3 
46.0 
56.1 
42.9 
%H 
fnd. 
3.6 
2.8 
3.3 
2.5 
2.0 
1.6 
5.4 
5.2 
4.9 
3.6 
4.4 
5.1 
6.3 
6.5 
6.3 
4.1 
4.6 
3.4 
3.4 
3.7 
4.3 
4.2 
cale. 
3.7 
3.0 
3.4 
2.5 
2.0 
1.6 
5.6 
5.2 
4.9 
3.8 
4.4 
5.1 
6.0 
6.4 
6.1 
4.0 
4.7 
3.4 
3.4 
3.6 
4.4 
4.0 
1 
%N 
fnd. 
8.4 
6.8 
7.9 
5.9 
4.6 
3.7 
7.8 
7.2 
6.9 
5.3 
5.9 
7.3 
8.7 
6.5 
6.4 
6.7 
6.3 
4.6 
4.7 
3.5 
4.2 
5.5 
cale. 
8.5 
6.9 
8.0 
5.9 
4.6 
3.8 
7.7 
7.3 
6.9 
5.2 
6.1 
7.1 
8.4 
6.4 
6.0 
6.9 
6.5 
4.7 
4.8 
3.6 
4.4 
5.6 
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Tun 
R 
Me 
Me 
Et 
Et 
Et 
Et 
l-Pr 
Tm 
Pm 
9 
Bz 
gsten comp 
X 
Br 
I 
Cl 
Br 
I 
4 
Br 
I 
I 
I 
I 
Me­
thod 
1 
Λ 
A 
A 
A 
A 
В 
A 
A 
A 
A 
A 
lexes 
Recryst.from" 
CHC13/CC14(1/1) 
CHC13/CC14(1/1) 
acetone 
acetone 
acetone 
acetone 
CHC1 3 ether 
ethanol 
ethanol 
CHCl3/ether 
CHClg/ether 
mp 
("О 
>250 
>250 
>250 
>250 
243 
250 
>250 
225 
244 
>250 
192 
%C 
fnd. 
19.2 
18.3 
29.4 
28.0 
26.5 
20.8 
35 7 
27.2 
30.4 
48.8 
50.9 
cale. 
19.4 
18.2 
29.6 
28.0 
26.6 
20.8 
36.8 
26 8 
30.3 
48.5 
51.5 
%H 
fnd. 
3.1 
3.0 
4.8 
4.6 
4.4 
3.4 
6 2 
3.8 
4.3 
3.3 
4.1 
cale, 
3.2 
3.1 
5.0 
4.7 
4.5 
3.5 
6.2 
3.6 
4.2 
3.1 
4.0 
1 
%N 
fnd. 
7.4 
7.1 
6.9 
6.5 
6.2 
5.2 
6.6 
6.1 
6.0 
4.2 
4.0 
cale 
7.5 
7.1 
6.9 
6.5 
6.2 
4.8 
6.1 
6.3 
5.9 
4.1 
4.0 
1
 Methods A and В as described In the text. Method C: from 
M(Et dtc) Br + CuBr in chloroform. Method D: synthesis like 
Mo(Et dtc) , but with an Et tds/Mo ratio of 3. Method E: 
from M(Et dtc) X + AgCIO in chloroform. 
2
 anion decomposes. 
3
 with (Bu N) C10 as starting compound; yield 5 %. 
4
 When two solvents and a ratio are mentioned, the compounds 
are dissolved m the mixture; otherwise the complexes are 
dissolved in the first solvent and the second is added un-
'til precipitation starts. 
Details of the syntheses, the solvents used for recrystal-
lization, and analytical data of these compounds are presented 
in Table 2. 
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Preparation of adduets. 
Haloform adduets of [M(Et dtc) ] X (X = CI, Br, I) can be 
precipitated by the addition of diethylether from a solution in 
chloroform, bromoform, or from a dichloromethane solution con­
taining iodoform. Analytical data for the adduets are given in 
Table 3. 
Table 711-3. 
Analytiaal data of the adduats M(Etpdtc') Χ·ΟΗΥ 
X 
Br 
I 
CI 
Br 
I ' 
CI 
Br 
I 
Y 
Cl 
Cl 
Br 
Br 
Br 
I 
I 
I 
Molybdenum complexes 
%C 
fnd. cale. 
28.4 28.4 
26.9 27.0 
26.6 25.8 
24.8 24.7 
24.8 23.6 
2
 22.6 
21.6 21.7 
21.4 20.9 
%H 
fnd. cale. 
4.6 4.7 
4.4 4.4 
4.4 4.2 
4.1 4.0 
4.2 3.9 
2
 3.7 
3.6 3.6 
3.3 3.4 
%N 
fnd.cale. 
6.3 6.3 
6.0 6.0 
5.7 5.7 
5.5 5.5 
5.6 5.2 
2
 5.0 
4.7 4.8 
4.7 4.6 
Tungsten complexes 
%C 
fnd. cale. 
25.9 25.8 
24.6 24.7 
24.5 23.7 
22.8 22.7 
22.0 21.8 
21.3 20.9 
20.0 20.2 
19.6 19.4 
%H 
fnd. cale 
4.2 4.2 
4.0 4.0 
4.0 3.9 
3.6 3.7 
3.6 3.6 
3.4 3.4 
3.1 3.3 
3.1 3.2 
%N 
fnd.cale. 
5.8 5.7 
5.4 5.5 
5.3 5.3 
5.0 5.1 
4.9 4.8 
4.7 4.7 
4.4 4.5 
4.4 4.3 
1
 data in agreement with the composition MofEt dtc) Ι·0.750ΗΒΓ 
cale. 24.8 %C, 4.1 %H, 5.6 %N. 
2
 no reproducible results obtained; the analytical data suggest 
the presence of 1.3-1.5 CHI . 
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Experiments with other halocarbonyl species. 
In an number of experiments, reactions of the compounds 
(Bu N) [Mo(CO) I] , (Bu N) [Mo(CO) I ] and Mo(CO).Cl„ were car-
ried out with various amounts of R.tds and NH (Et dtc). The ge­
neral procedure was as follows. To 1 mmol of carbonylhalide com­
plex in a suitable solvent (diglyme, acetone, dichloromethane, 
toluene) χ mmol Et tds (χ = 1/2, 1, 3/2, 2) or y mmol NH (Et dtc) 
(y = 1, 2, 3) was added. The mixture was either refluxed for 
half an hour or allowed to react at room temperature for 2 to 7 
days. The resulting solid compound was isolated. From the fil­
trate only oils could be obtained irrespective of the method 
used. The solid compounds were always Mo(Et dtc) X. For low 
dtc/Mo ratios also some Mo(Et dtc) could be isolated. 
The starting compounds were synthesized as described in 
the literature (51,53-55). Mo(CO) CI was always used in situ. 
The other halocarbonyls were used without isolation for reac­
tions in diglyme, but for reactions in other solvents previous­
ly isolated compounds were used. 
The compounds M(RCS ) . 
These complexes were obtained either by using method A as 
described for the synthesis of M(R dtc) X complexes, or the me­
thod described for Mo(R dtc) . In the latter method a toluene 
solution is refluxed for 6 hours. In both methods 3 mmol Mo(CO)_ 
6 
and 6 mmol disulphide were used. Recrystallization was done ei­
ther from toluene or by addition of as much pet.ether (60-80) 
to a chloroform solution till precipitation starts, followed by 
cooling to - 20 C. At least two recrystallizations were re­
quired in both procedures to remove a brown side-product (^  10 % ) . 
The presence of this impurity is indicated in the infrared 
spectra by absorptions at 940 and 1260 cm . Yield after recrys­
tallization 60 %. Table 4 shows the analytical data for the com­
plexes . 
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Table_ VII-4_. 
Analytical data for dta complexes. 
M o ( d t t ) , 
4 
w(dtt) 4 
M o ( d t n ) 4 
W ( d t n ) 4 
mp 
( 0 C ) 
1 6 6 d 
1 8 5 d 
2 2 3 
2 2 8 
%c 
f n d . c a l e . 
5 0 . 3 5 0 . 2 
4 5 . 6 4 5 . 1 
5 8 . 1 5 8 . 1 
5 2 . 6 5 3 . 0 
%H 
f n d . c a l e . 
4 . 1 3 . 7 
3 . 5 3 . 3 
3 . 2 3 . 1 
2 . 9 2 . 8 
Six coordinated complexes. 
The compounds (Bu N) [M(mnt) (Et_dtc)] were prepared by the 
following procedure. To a solution of 3 mmol (Bu Ν) [M(C0) I] 
in 100 ml acetone (freshly distilled from CaH in a nitrogen at­
mosphere), 3 mmol NH (Et2dtc) was added and the mixture refluxed 
for 5 minutes. When the evolution of CO stopped, 3 mmol Na mnt 
was added. This resulted again in the evoltution of CO. After 
this reaction was over, 3 mmol I and thereafter 6 mmol 
NH (Et dtc) were added. Finally the mixture was refluxed for 30 
minutes. The solvent was then removed by evaporation and 50 ml 
Table VII-5_. 
Analytical data of six coordinated complexes. 
(Bu 4 N) M o ( M n t ) 2 ( E t 2 d t c ) 
(Bu 4 N) W ( M n t ) 2 ( E t 2 d t c ) 
( B u 4 N ) 2 M o ( M n t ) 3 
( B u 4 N ) 2 W(Mnt) 3 
mp 
(°C) 
195 
193 
165 
177 
%C 
f n d . c a l e . 
4 5 . 6 4 5 . 4 
4 1 . 4 4 0 . 7 
5 2 . 5 5 2 . 8 
4 8 . 0 4 8 . 5 
%H 
f n d . c a l e . 
6 . 1 6 . 0 
5 . 5 5 . 4 
7 . 3 7 . 3 
6 . 7 6 . 7 
f n d . c a l e . 
1 1 . 0 1 1 . 0 
9 . 8 9 . 8 
1 1 . 1 1 1 . 2 
1 0 . 1 1 0 . 3 
c o l o u r 
r e d - p u r p l e 
r e d - b r o w n 
d a r k g r e e n 
r e d - p u r p l e 
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dichloromethane was added to the residue. After filtration, 50 
ml ethanol was added and the solution was concentrated to a 
volume of 40 ml. Cooling to - 5 С resulted in the formation of 
crystals consisting of the product mixed with some (Bu N) 
[M(mnt),] . The latter compound can be removed by recrystalliza-
tion from propanol-2. The presence of this impurity can be de­
tected in the infrared spectrum by an absorption at 324 cm 
The yield was about 40 %. (Bu N) [M(mnt) ] was obtained as a 
side-product. Analytical data are given in Table 5. 
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APPENDIX 
In this Appendix some infrared data of the complexes are 
summarized, and a short discussion of the spectra of Et dtc com­
plexes is given. 
A number of small differences are present in the infrared 
spectra of the complexes [M(Et dtc) ] X, with X = CI, Br, I, I , 
CIO , CuBr , and in the haloform adducts. The C-N frequency 
-1 
shows a small shift, 1520 cm for complexes containing halide 
anions and adducts, 1516 cm for the complexes with other an­
ions, which can be understood in the same way as the shifts in 
the C-N frequency of the complexes [Au(R dtc) ) X. Here the shift 
was attributed to an increase in the positive charge on the ni­
trogen atom induced by the anions located near it (5). Since in 
our complexes four chelating ligands are present instead of two, 
the anion will be farther away from the nitrogen atom, and the 
effect on the C-N frequency is much smaller. 
Further differences are present in the intensities of the 
C-Η vibrations around 2900, 1450, 1380, and 1080 cm , as well 
as in the intensitiesof the NCS vibrations around 1300, 1000, 
-1 2 
580, and 460 cm . They seem to be related to the size of the 
anions. The influence of the anions on the C-Η vibrations can 
be explained by the hindrance of these vibrations caused by the 
anions. 
Table 1 compares the absorptions around 1000, 580, and 460 
cm in the complexes. We believe that the splitting of the band 
near 1000 cm is not caused by assymmetncal coordination of the 
ligands as the assymmetry is very small and the anions are not 
believed to exert any influence on the ligand geometry. At pre-
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Table A-U 
Some infrared absorptions of MfEt^dto) .X complexes. 
X 
CI 
Br 
I 
4 
CuBr2 
CIO 
adducts 
Et2dtc 
Mo(Et2dtc)4 
Bu4N(Et2dtc) 
v(C-N) 
1520 
1520 
1519 
1515 
1517 
1517 
1520 
1516 
1493 
1466 
1017VW 
1017VW 
1016sh 
1021w 
1021W 
lOlBvw 
1019W 
100 Iw 
999w 990sh 
lOOlw 
lOOOw 
999w 
1003w 
998w 
1003m 
990s 
ν (CSS) 
S 
611m 596sh 
611w 595sh 
610m 596sh 
59І1ІІ 
594W 
612sh 
609sh 594w 
603w 
618ra 
IJ(CSS) 
577ш 557m 
577m 557w 
577m 557m 
578in 
580m 558vw 
579w 560w 
578m 558sh 
577m 
571m 
6(CSS) 
487VW 466vw 444VW 
492w 479w 
487w 466VW 445w 
494sh 486w 
487vw 468vw 447vw 
491VW 468VW 447VW 
487VW 
486VW 464VW 
426m 
v(MoS) 
358m 
358m 
357m 
362m 
362m 
358s 
361s 
362s 
352m 
sent we have no explanation neither for this splitting nor for 
the absorption patterns of the CSS vibrations near 580 and 460 
cm . These frequencies show still more types of patterns than 
the 1000 cm absorption. We conclude that the infrared vibra-
tions of complexes containing diethyldithiocarbamate are in-
fluenced by the counter ion and possibly by the other ligands 
present. 
Table 2 shows the infrared frequencies found in Mo(R dtc) 
(R = Ph , MeBz) and their shift upon oxidation, and their 
shift upon oxidation, and the infrared bands of [Mo(Bz dtc) ] X. 
Table_ A-2_ (see page 137). 
Infrared absorptions of Mo(Phrdto) . and Mo(MeBzdta) . with the 
shifts upon oxidation, and absorptions of Mo(Bz„dtc) .1. 
- : not observed in Mo (I/) complexes. 
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Mo(Ph2dtc)4 
1586 m + 1 
1488 s - 2 
1451 η 0 
1363 VS +28 
1351 sh 
1332 sh - 1 
1305 m + 2 
1268 m - 3 
1162 w + 6 
1155 w + 1 
1074 m - 1 
1048 ш +15 
1026 w - 3 
1001 m 0 
963 w + 4 
918 w - 6 
877 m + 3 
833 m 0 
748 m 0 
695 s - 2 
687 s + 1 
653 m + 3 
612 η + 3 
566 vw + 9 
521 w 0 
489 w 0 
446 vw - 2 
414 vw -13 
Mo(MeBzdtcl 4 
1601 w + 2 
1582 vw + 2 
1492 s I " 
1449 s + 2 
1428 m + 9 
1392 s + 8 
1349 m + 6 
1298 w + 4 
1272 ш - 2 
1244 m + 7 
1204 s + 1 
1155 vw 0 
1090 m + 2 
1027 w + 2 
997 w + 3 
964 w -12 
910 vw - 2 
883 w 0 
840 vw + 1 
810 w + 7 
742 sh - 2 
726 m 
693 s + 1 
638 m + 1 
565 w + 3 
543 vw - 1 
530 vw 
482 m + 9 
448 w 
[Mo(Bz2<ltc)4] I 
1608 ш 
1590 w 
1507 vs 
1457 s 
1435 s 
1358 m 
1278 w 
1227 s 
1185 m 
1167 sh 
1148 η 
1085 ш 
1031 m 
1007 m 
996sh 
941 w 
908 vw 
888 w 
825 vw 
755 m 
736 ш 
704 s 
698 s 
637 vw 
561 w 
536 w 
519 m 
457 vw 
445 vw 
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- : not observed in Mo(К) complexes. 
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SUMMARY 
This thesis deals with the chemical and physical properties 
of some molybdenum and tungsten complexes with dithioligands 
In [M(R dtc) ] X, Mo(R dtc) , and M(Rdta) , the metal ions are 
coordinated by four 1igands. The coordination geometry has the 
form of a triangular dodecahedron, which in Mo(Et dtc) is some­
what distorted. In (Bu N) [M(mnt) (Et dtc)], and (Bu N) [M(mnt) ] 
the coordination polyhedra are a slightly distorted trigonal 
prism, and a structure midway between a prism and an octahedron, 
respectively (section II.2). 
All compounds were synthesized by oxidative decarbonylation 
of metal carbonyl complexes (section II.1). In section II.3, 5, 
and 6, the characterization of the complexes is described. In 
section II.4 some attention is given to the interpretation of 
the infrared spectra of dithiocarbamato 1igands, some absorp­
tions are recognized as group frequencies of the NCS unit. 
By voltammetric measurements (Chapter III) it is shown that 
the complexes are part of electron transfer series. The substi­
tuent effect found in our tetrakis-dtc complexes and in com­
plexes described in the literature can be described with the re-
lation ДЕ, = ρΣσ , wherein σ is the Taft constant for the N-
bonded substituents The effect per substituent seems to be re­
lated to the structure of the complexes because it increases 
with decreasing coordination number The M(Rdta) complexes 
are oxidized at higher potential than the M(R dtc) complexes, 
in agreement with the known electron donating power of the dtc 
ligand. 
2-
Except for the [M(nmt) ] complexes, the electronic spectra 
of all compounds show some d-d transitions. These absorptions are 
148 
interpreted in the Ligand Field model. For the [M(R dtc) ] com­
plexes, this yield reasonable values for the ligand field para­
meter Dq (2.9 and 3.3 for Мо(Ю and VI(.V) , respectively). The li­
gand field parameter Cp is found to be about 0 kK for both metal 
ions. The value of the spin-orbit coupling constant λ in the 
complexes is reduced to about 50 % of the free ion value. How­
ever, the e.s r. spectra do not show the anisotropy in the g va­
lues predicted by the Ligand Field calculations (section IV.2). 
With reasonable estimates of Dq and the amount of reduction 
of the interelectronic repulsion parameter B, the Ligand Field 
2 
model predicts all d complexes to be diamagnetic, in agreement 
with the results of susceptibility measurements. For the 
Mo(R NCS ) complexes, this is contrary to previous literature 
data (section IV.3, 4). 
Extended Huckel MO calculations were performed for all com­
plexes (Chapter V). The calculated ordering of the d orbitale is 
in agreement with the results of the Ligand Field calculations. 
In dtc complexes, the highest occupied molecular orbital has 
more metal character than in the tetrakls-Rdta and tris-mnt com­
plexes. The results do not indicate the presence of any appreci­
able amount of interligand sulphur-sulphur bonding, despite the 
short distances found m the crystal structures of the complexes. 
With the help of the electronic spectra, the Ligand Field 
calculations, and the Extended Huckel calculations, an energy 
level diagram is proposed for the eight coordinated dtc com­
plexes (Chapter VI). This subject is also discussed for the six 
coordinated complexes, but no reliable energy level diagram can 
be given for these compounds. 
In Chapter VII the experimental details are given, and in 
the Appendix some infrared data for dtc complexes are tabulated. 
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SAMENVATTING 
In dit proefschrift worden de chemische en fysische eigen-
schappen van een aantal complexes van molybdeen en wolfraam met 
zwavelhoudende liganden beschreven. In |M(R dtc) ] X, Mo(R dtc) 
en Mo(Rdta) zijn vier liganden bidentaal aan het metaalion ge-
coördineerd. De coördinatie polyeder heeft de vorm van een do-
decaeder, in Mo(Et dtc) is deze enigszins verstoord. In 
(Bu N) [M(mnt) (Et dtc)] resp. (Bu N) [M(mnt) ] is de coordina-
tie geometrie een verstoord trigonaal prisma resp. een struktuur 
die het midden houdt tussen een prisma en een octaeder (paragraaf 
II.2) . 
De verbindingen werden allen gesynthetiseerd d.m.v. oxida-
tieve decarbonylering van metaal carbonyl verbindingen (paragraaf 
II.1). In de paragrafen II.3, 5 en 6 wordt de karakterisatie van 
de complexen beschreven. In paragraaf II.4 is de interpretatie 
van infrarood spectra van dithiocarbamaatcomplexen behandeld. 
Een aantal absorpties kunnen worden toegeschreven aan groeps-
frekwenties van NCS . 
Via voltammetrische experimenten, beschreven in hoofdstuk 
III, is aangetoond dat alle verbindingen deel uitmaken van elec-
tron-transfer series. Het substituent effect in onze tetrakis-
dtc complexen en in complexen die beschreven zijn m de litera-
tuur kan worden weergegeven met de relatie ЛЕ, = ρ7σ , waarin 
σ de Taft constante is voor de aanwezige substituent Het ef­
fect per substituent lijkt te worden beïnvloedt door de struc-
tuur van het betrokken complex bij groter coördinatie getal 
neemt het effect per substituent af. De M(Rdta) complexen wor-
den bij hogere potentiaal geoxideerd dan de M(R dtc) verbindin-
gen, wat in overeenstemming is met de elektronen donerende 
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kracht van het dtc ligand. 
r ι 2-Behalve voor de |M(mnt)J complexen zijn m de electro-
nenspectra van alle verbindingen banden toegekend aan d-d over­
gangen. Deze absorpties zijn geïnterpreteerd in het ligandveld 
model. Dit levert voor de [M(R dtc).] verbindingen redelijke 
waarden op voor de ligandveld parameter Dq (2.9 resp. 3.3 kK 
voor MoO') resp. W(/)). De ligandveld parameter Cp is ongeveer 
0 voor beide metaalionen. De waarde van de spin-baankoppelings-
konstante is in de complexes tot ongeveer 50 % van de vrije ion 
waarde gereduceerd. De e.s.r. spectra tonen echter niet de op 
basis van het ligandveld model verwachte anisotropie m de g 
waarden (paragraaf IV.2). 
Met redelijke schattingen voor Dq en de reduktie van de 
interelectronische repulsie parameter В voorspelt het ligand-
2 
veld model dat de d complexen diamagnetisch zijn. Dit is in 
overeenstemming met de magnetische susceptibiliteitsmetingen. 
Tot nu toe werden de complexen Mo(R dtc) in de literatuur als 
paramagnetisch beschouwd (paragraaf IV.3, 4). 
Aan alle verbindingen werden Extended Hückel MO bereke-
ningen uitgevoerd. De berekende volgorde van de d Orbitals is 
in overeenstemming met de resultaten van de ligandveld bereke-
ningen. Voor de dtc verbindingen blijkt de hoogst gevulde MO 
meer metaalkarakter te bezitten dan in de tetrakis-Rdta en 
tris-mnt complexen. Ondanks de korte interligand zwavel-zwavel 
afstanden die in de verbindingen zijn gevonden, is uit de Exten-
ded Huckel berekeningen niet te concluderen dat er van een ster-
ke interligand zwavel-zwavel binding sprake is (Hoofdstuk V). 
Met behulp van de electronenspectra, de ligandveld bereke-
ningen en de Extended Huckel berekeningen wordt in hoofdstuk 
VI een energieniveau diagram voorgesteld voor de acht gecoör-
dineerde dtc complexen. De energieniveaus van de zes gecoördi-
neerde verbindingen worden ook besproken maar voor deze com-
plexen kan geen betrouwbaar schema worden gegeven. 
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Hoofdstuk VII, tenslotte, geeft de experimentele details 
en in de Appendix staan nog enkele infrarood gegevens vermeld. 
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LEVENSLOOP 
De schrijver van dit proefschrift werd geboren te Pernis 
(gemeente Rotterdam) op 25 juni 1948. Na het doorlopen van de 
Dr. de Visserschool te Pernis, werd zijn opleiding voortgezet 
aan de Christelijke H.B.S. "Charlois" te Rotterdam, waar het 
eindexamen in 1965 werd afgelegd. 
In datzelfde jaar werd begonnen met de scheikunde studie 
aan de Rijksuniversiteit Leiden. In juni 1968 deed hij kandi-
daatsexamen (richting f). Het doktoraalexamen werd afgelegd in 
september 1971, met als hoofdvak Anorganische Chemie (dr. W.L. 
Groeneveld), als bijvak Biochemie (aan de Gemeentelijke Univer-
siteit van Amsterdam, o.l.v. dr. B.F. van Gelder), en als derde 
richting Chemie en Ethiek (drs. A Rip), tevens werd een tenta-
men parapsychologie afgelegd (prof.dr. W.H.C. Tenhaeff, Rijks-
universiteit Utrecht). Van februari 1969 t/m augustus 1971 was 
hij als student-assistent verbonden aan het Propaedeutisch 
Chemisch Praktikum. 
Per 1 oktober werd hij aangesteld als SON-medewerker bij 
de afdeling Algemene en Anorganische Chemie van de Katholieke 
Universiteit te Nijmegen. Naast de werkzaamheden die zijn be-
schreven m dit proefschrift heeft hij enkele malen geassis-
teerd bij het Anorganisch Chemisch Praktikum, en is hij betrok-
ken bij een projekt dat als doel heeft de milieuproblematiek 
aan de orde te stellen binnen het kader van de eerstejaars 
scheikunde studie. 
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STELLINGEN 
1. De door de bibliotheekwet per 1 juli 1975 ingevoerde kontributievrijdom 
voor de jeugd tot achttien jaar, zonder gelijktijdige kompensatie van 
personeel en boekenbudget, lijkt ervan uit te gaan dat het aantal leden 
van een bibliotheek het enige kriterium is voor het goed funktioneren 
ervan. De duidelijke service vermindering die van deze invoering het 
gevolg is maakt echter de bibliotheek in totaal minder aantrekkelijk, zodat 
de ingevoerde maatregel onbedoelde welzijnsverlagende effekten heeft. 
2. Het is aannemelijk dat het opheffen van de huidige ongelijke maatschappe-
lijke waardering van part-time funkties ten opzichte van volledige 
funkties, en het omzetten van veel huidige full-time funkties op lagere 
niveaus in verscheidene part-time funkties een voorwaarde is voor en een 
positieve bijdrage vormt tot het verhogen van het huidige lage percentage 
van vrouwen in leidinggevende funkties. 
3. Daar de resultaten van het onderzoek naar de zogenaamde paranormale 
verschijnselen in strijd lijken te zijn met het natuurwetenschappelijk 
wereldbeeld, verdient het aanbeveling het onderzoek naar deze ver-
schijnselen uit te breiden en met name meer natuurwetenschappelijk 
geschoolden bij dit onderzoek te betrekken. 
4. Om inzicht te krijgen in de aard van de kloof tussen burger en bestuur 
is het gewenst te onderzoeken in hoeverre de leden van vertegenwoordigende 
politieke organen gelijksoortige karaktertrekken bezitten, in hoeverre dat 
leidt tot gemeenschappelijke waardenpatronen, in hoeverre deze afwijken 
van de rest van de bevolking, en in hoeverre dat de besluitvorming 
beïnvloedt. 
5. De kloof tussen burgers en gemeentelijk bestuur zal kleiner worden 
als bij de voorbereiding, de inhoud, de presentatie, de besluitvorming, en 
de uitvoering van besluiten genomen door de gemeenteraad en het 
kollege van B. en W. meer aandacht wordt besteed aan de psychologische 
beleving van die besluiten bij de betrokken burgers. 
6. Uit de beleving van de besluitvorming bij betrokkenen en niet-gemeentelijke 
bestuursorganen blijkt dat het beleid van de gemeente Nijmegen ten 
aanzien van de vestiging van het VAM-vuiloverlaadstation aan de 
Tollenstraat een aaneenschakeling is van psychologische blunders. 
7. De door Hueting ontwikkelde methode om de gevolgen van milieu-
verontreiniging te beschrijven in termen van functieverliezen, kan ook 
worden gebruikt bij de ruimtelijke ordening waarbij functie gezien 
moet worden als de vormgeving van een mogelijke doelstelling bij het 
ordenen van de ruimte. 
Dr. R. Hueting, Nieuwe Schaarste en Economische Groei, Agon Elsevier, Amsterdam, 
1974. 
8. De gevolgen van een lozing van zware metalen in oppervlaktewater voor 
de afbreekbaarheid van het daarin aanwezige organische materiaal zijn o.a. 
afhankelijk van de verblijfstijd van die metalen. De Bucksteeg methode ter 
bepaling van het inwoner equivalent voor metalen en andere toxische 
stoffen houdt met die verblijfstijd geen rekening en resulteert daarom in 
een te lage vervuilingswaarde voor zware metalen in vergelijking met 
biologische afbreekbaar materiaal. 
Waterschapsbelangen, 23 februari 1972, p. 66. 
9. Daar bij de interpretatie van de e.s.r. spektra van trigonaal-prismatische 
complexen met zwavelhoudende liganden de invloed van de spin-baan 
koppeling op zwavel niet in beschouwing is genomen, zijn de berekende 
MO coëfficiënten en energieverschillen onbetrouwbaar. Wordt deze 
invloed wel meegenomen dan is het heel wel mogelijk dat de gevonden 
energieverschillen tussen de niveau's met een hoog metaalkarakter 
ongeveer overeenkomen met de energieverschillen zoals berekend in 
een ligandveld model. 
10. De oplossing van de kristalstruktuur van V(Et2dtc)3 kan een belangrijke 
bijdrage leveren tot begrip van de redenen voor stabilisatie van een 
trigonaal-prismatische koördinatie. 
D.C. Bradley, I.F. Rendali, and K.D. Sales, J.C.S. Dalton 2228 (1973). 
11. De konklusie van König et. al. dat de non-bonding interacties langs de 
z-as 13.4% uitmaken van de interacties in het xy-vlak, is in strijd met hun 
aanname van een ligandveldmodel met D^L symmetrie ter interpretatie 
van de spectrale en magnetische eigenschappen van К Co^-prbiW 
E. König, R. Schnakig, en B. KaneUakopulos, J. Chem. Phys. 62, 3907 (1975). 
12 De interpretatie in termen van kinematische koppeling, die Су vin geeft 
voor de verschuiving in de infraroodfrekwenties van de CN groep in 
verschillende komplexen, gaat voorbij aan de elektronische effekten 
van de komplexvorming 
SJ Cyvrn, Spectrochim Acta 30A, 263 (1974) 
Ρ Gans, Vibrating Molecules, Chapman and Hall, London, 1971 
13 De gevoeligheid van Rh(l) complexen voor oxidatieve additie maakt het 
waarschijnlijk dat het reaktieprodukt van chlorotns (trifenylfosfine)-
rhodium(I) en 5 animo-l,3,4-thiadiazool-2-thiol een Rh(III) verbinding is 
MR Gajendragad en U Agaiwala, Bull Chem Soc Japan 48, 1024 (1975) 
14 De verklaring die Einstein en Field geven voor de reduktie van het 
magnetisch moment van CuiN^dtc); tot beneden de spm-only waarde 
is aan bedenkingen onderhevig, de berekende reduktie berust waarschijnlijk 
op een meetfout 
F W B Einstein en J S Field, Acta Cryst В 30, 2928 (1974) 
AK GregsonenS Mitra, J Chem Phys 49,3696(1968) 
15 De bouw van de trappenhuizen rondom de liftkokers in de gebouwen van 
de Faculteit der Wiskunde en Natuurwetenschappen kan leiden tot 
bewegingsarmoede van het personeel 
a. nieuwpoort mjmegen, september 1975 


